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Section 6.1 


A To multiply monomials 


B_ To divide monomials and simplify 
expressions with negative exponents 


C To write a number using scientific notation 
D To solve application problems 


Section 6.2 


A To evaluate polynomial functions 
B_ To add or subtract polynomials 


Section 6.3 


A To multiply a polynomial by a monomial 
B_ To multiply two polynomials 
C To multiply two binomials 


D To multiply binomials that have special 
products 


E To solve application problems 


Section 6.4 


A To divide polynomials 

B To divide polynomials using synthetic 
division 

C To evaluate a polynomial using synthetic 
division 


wi" Need help? For on-line student resources, such as section 
yD quizzes, visit this textbook’s web site at 
WeB _College.hmco.com/students. 


Polynomials 





The Pathfinder mission produced the closest look to date at 
the surface of Mars. This photo of the Pathfinder Sojourner 
rover was taken at Mermaid Dune on Mars on August 8, 
1997. Images such as this, transmitted from Mars to Earth, 
traveled a distance of over 100 million miles. Distances this 
great, as well as very small measurements, are generally 
expressed in scientific notation, as illustrated in Exercise 119 


on page 340. 


a 
1. Subtract: —2 — (—3) 


2. Multiply: —3(6) 


For Exercises 3 to 8, simplify. 


24 
Sh, agar 

==36 
SZ) 


1: 34 — 2ive 41) 45] 


9. Are 2x? and 2x like terms? 









4. —4(3y) 


6. —4a — 8b+ 7a 


8. —4y + 4y 


“ 


A pair of perpendicular lines are drawn through the interior of a rectangle, 
dividing it into four smaller rectangles. The area of the smaller rectangles 
are x, 2, 3, and 6. Find the possible values of x. 


eeeseessseessecense SeCSSEHSHHSTESHHHSHSHSSHHEHEHEHEHOFSHSSEESEHEEHEES eeeceoseseeses 
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Exponential Expressions 
To multiply monomials “co WD Ly 


A monomial is a number, a variable, or a product of a number and variables. 





Point of Interest The examples at the right are monomials. BG degree 1 (x = x!) 
Around B 250, the monomial The degree of a monomial is the sum of Bre degree 2 
3x2 shown at the right would the exponents of the variables. 4x?y degree 3 
have been written AY3 or at Oxy 2 degree 9 
least approximately like that. 
In A.D. 250, the symbol for 3 In this chapter, the variable 1 is considered xe degree n 
was not the one we use today. —_ a positive integer when used as an exponent. 
The degree of a nonzero constant term is 6 degree 0 
zero. 


The expression 5Vx is not a monomial because Vx cannot be written as a prod- 
uct of variables. The expression ; is not a monomial because it is a quotient 


of variables. 


The expression x4 is an exponential expression. The exponent, 4, indicates the 
number of times the base, x, occurs as a factor. 





The product of exponential expressions 3 factors 4 factors 
with the same base can be simplified x3-x4=(x-x-x)-(e-x-x-x) 
by writing each expression in factored are 

form and writing the result with an 

exponent. = 5! 

Note that adding the exponents re- 0 Ne Me faa 2 


sults in the same product. 


Rule for Multiplying Exponential Expressions 


lf mand n are positive integers, then x”- x" = x". 





=» Multiply: (—4x°y3)(3xy7) 
aeons (—4x5y3)(3xy7) i (—4 + 3)(x5 x) (ya) Use the Commutative and 
TAKE NOTE ; Associative Properties of 


The Rule for Multiplying © Multiplication to rearrange and 
Exponential Expressions _ group factors. 









‘ 


requires the bases tobe == 12(x5+!)(y3+2) ¢ Multiply variables with the same 

the same. The expres- i Pea ee a ee ee ee 3 arnt : 

sion x®y5 cannot be base by adding their exponents. 

simplified. i Do these steps mentally. 
ars = = 125°? © Simptify. 
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The power of a monomial can be simplified by writing the power in factored 
form and then using the Rule for Multiplying Exponential Expressions. 


(G67) > Sea een (a*b3)? = (a2b3)(a2b3) © Write in factored form. 
= y4+444 q2t2p3+3 





© Use the Rule for Multiplying 
atb® Exponential Expressions. 


x? and « for x3. The symbol — ues 
AY was the first two letters 
of the Greek word dunamis, 
meaning “power”; x’ was 
from the Greek word kubos, 
meaning “cube.” He also 
combined these symbols to Ge) = x42 (a*b?)? = a? 2p? ¢ Multiply each exponent inside the 


denote higher powers. For = x12 = qth parentheses by the exponent 
instance, Ax’ was the 


outside the parentheses. 
symbol for x5. 


Note that multiplying each exponent inside the parentheses by the exponent 
outside the parentheses results in the same product. 


Rule for Simplifying Powers of Exponential Expressions 


If mand nare positive integers, then (x)? = x, 


Rule for Simplifying Powers of Products 


If m,n, and p are positive integers, then (x™y”)P = xmey”?. 





=> Simplify: («*)> 


(ee xt 2 ¢ Use the Rule for Simplifying Powers of Exponential Expressions to 
= 120 multiply the exponents. ¥ 


= Simplify: (2a2b*)? 


(2a2b*)? = 21343 3p43 ¢ Use the Rule for Simplifying Powers of Products to multiply 
= 23q%p12 each exponent inside the parentheses by the exponent 
= B7opi2 outside the parentheses. Note that 2 = 2'. 


eeeccescesceccere oe ove seeceesees oe veccse see eeececereeeee 
= a Pes : ms Ne oe Pag, si 
Example 1 n AYE y= )( - f i Si 
j ; is St al) See 
. ; 


oe ecorscecssecveseees BOSH Eee eee n ewe nse eran s swansea sse esos esaae eens eEeess FESO HOEEEeeseeeesseseseessenes: TER e Reman e enw eee eseneeeeeeeeenes: 


ty 
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Dee ee en i eee eee eee eo OOOO OOOO! OOOO OOOO SOOO ONOCICOOCOOOOOOOCOOOOOOOOIOCOOOIOOOOIOCCISNICCOOOOCOOOMCCCITTnT 


Example 3 Simplify: [(2xy2)?}? he: Try It3 Simplify: [(ab3)?|* 


Solution [2Qxy2)2 |? = [22x24 Your solution 
= 26x6yl2 = 64xoyl2 


Objective B To divide monomials and simplify 


expressions with negative exponents 





The quotient of two exponential expressions 
with the same base can be simplified by writ- epee ae 
ing each expression in factored form, dividing x X°x 

by the common factors, and then writing the at 

result with an exponent. 


‘ ‘ x 5 
Note that subtracting the exponents gives the aq ge 
same result. . 


To divide two monomials with the same base, subtract the exponents of the 











like bases. 
38 
= STEEN aT = 
78 acceaasaa 
2p = aa * The bases are the same. Subtract the expo- 
ah il | nents. This step is often done mentally. 
a 
Z Ly 
51,9 
iT AKE NOTE Chie met baile yee ; 
eas. ded b a, > te ap ok St © Subtract the exponents of the like bases. 
| stself is 1. Therefore, e This step is often done mentally. 
‘ = ab’ 
2 pea = 1, and for - 
i 4 . . . . . . 
x #0, as =f. Consider the expression —j, x # 0. This expression can be simplified, as shown 
6 
Lu below, by (1) subtracting exponents and (2) dividing by common factors. 
Fo a eee 
ase ee Ae 0 X SEES & =e 
TAKE NOTE a x] gene ae ae 
_ For the example below, iL ket 
_ we indicated that 
_z#0.Ifwe try to x4 x4 
evaluate (162°)? when The equations —j = x° and ~ = | suggest the following definition of x°. 
z = 0, we have nv By 


[16(0)°]° = [16(0)]° = 0°. 
However, 0° is not 
defined. Therefore, we 
must assume that z # 0. 
To avoid stating this for If x # 0, then x? = 1. The expression 0° is not defined. 
every example or 
exercise, we will assume 
_ that variables do not 


Definition of Zero as an Exponent 





PSC ANN CE ORR RTT 


have values that result => Simplify: (1625), z # 0 
in the expression 0°. ; 
NN eect (16z3)° = 1 © Any nonzero expression to the zero power is 1. 
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Point of Interest =» Simplify: —(7x*+y3)°, x #0,» #0 


In the 15th century, the 
expression 12°” was used to 
mean 12x 2. The use of m 
reflects an Italian influence, 
where m was used for minus 4 


=(x42)) = —(1) =I e The negative outside the parentheses is not 
affected by the exponent. 











and p was used for plus. It Consider the expression —, x # 0. This expression can be simplified, as shown 
was understood that 2m : - @». 
reteriediiaran unnoned below, by (1) subtracting exponents and (2) dividing by common factors. 
variable. Isaac Newton, in the 
17th century, advocated the use th hal 
: a 4 X-H-x- 1 
of a negative exponent, the ag Sr rae x = ye = 
symbol we use today. xo 4 xo fH HK x x? 
Tee Sey 
: ae 5 ge ; 1 
The equations —7 = x? and -— = — suggest that x"? = —. 
8 ay te Ge 


Definition of a Negative Exponent 


If x # 0 and nis a positive integer, then 





Cd a4 
TAKE NOTE Evaluate: 2 


Note from the example 1 

at the right that 2~*is a feats 4 e Use the Definition of a Negative Exponent. 
positive number. A 

negative exponent does 1 

not indicate a negative ad a e Evaluate the expression. 

number. 


A power of the quotient of two exponential expressions can be simplified by mul- 
tiplying each exponent in the quotient by the exponent outside the parentheses. 


Rule for Simplifying Powers of Quotients 


n 


Kee 
If m,n, and p are integers and y # 0, then 





aa 


2\-2 2(-2) 
(F) = re ¢ Use the Rule for Simplifying Powers of Quotients. 
Gee Pe 
= 5 e e Use the Definition of a Negative Exponent. 


Simplest Form of an Exponential Expression 


An exponential expression is in simplest form when it is written with only positive 
exponents. 
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TAKE NOTE 


The exponent on n is —5 
(negative 5). The n~* is 
written in the 
denominator as n°. The 
exponent on 3 is 1 
(positive 1). The 3 
remains in the 
numerator. 

Also, we indicated 
that n # 0. This is 
necessary because 
division by zero is not 
defined. In this textbook, 
we will assume that 
values of the variables 
are chosen so that 
division by zero does 
not occur. 


avcrovtresarnccecenvevevot cant ets Sec ano ERC TST SROERO 
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= Simplify: 3n-5, n # 0 











Beek ib = eh e Use the Definition of a Negative Exponent to 
a nm MD rewrite the expression with a positive exponent. 
=> Simplify 2 
implity: 
P By 
D ae i] Dae: 2a4 e Use the Definition of a Negative Exponent 
le > ee ay i ee to rewrite the expression with a positive 


exponent. 


Now that zero and negative exponents have been defined, a rule for dividing 
exponential expressions can be stated. 


Rule for Dividing Exponential Expressions 


x 
If mand nare integers and x # 0, then — = x 
x 


MS! 





x4 
»> Simplify: — 
x 





Ay petoaceemess : 
= = Mam e Use the Rule for Dividing Exponential Expressions. 
sc Pie : This step is often done mentally. 
=x e Subtract the exponents. 
1 e Use the Definition of a Negative Exponent to 
i x? rewrite the expression with a positive exponent. 


The rules for simplifying exponential expressions and powers of exponential 
expressions are true for all integer exponents. These rules are restated here for 
your convenience. 


Rules of Exponents 
If m,n, and p are integers, then 


xm. yn = xmtn (xma = xn (x™y")P = xmpynP 
xm x” p 

—=x""x#0 = 

xn 


xo = eel 





(3ab-+)(—2a-3b7) = (ois) Gate bate. 1) 


Wher multiplying 
expressions, add the 
exponents on like bases. 
De this step mentally. 
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4a *b° 
Sina] oll see 
p fy 6a°b2 
4ab> 2-2a~b> 2a~b5 ¢ Divide the coefficients by their common 
baie _ 7 30h? = Sy eye factor. 
2a725ps-2 ¢ Use the Rule for Dividing Exponential 
= ana Expressions. 
aad: Ib3 ¢ Use the Definition of a Negative Expo- 
3 Taa nent to rewrite the expression with a 
positive exponent. 
6m?n?\~> 
Simplify: 
a (ea 
Cnn Nene ae ¢ Simplify inside the brackets. 
8m'n? 4 





(omen 
4 


¢ Subtract the exponents. 


¢ Use the Rule for Simplifying Powers of 
Quotients. 


¢ Use the Definition of a Negative Exponent 





3 3m Pn? 

= re 

E 4m? 64m 
33n3 


POP e meee ee eee HEE HERE E HEE HEESES HEHEHE EEE EEE SEE SEES TEESE EEE EEESESEES EEE ESEEEESS FEHHEFESHOSEEED EES EES HES HS HEE HESS EESEHFES EEE SEEESEEEDEESHESEE SESE EEE SES ESSEESED 





TORO eee eee eee eH OHHH HERE EHEEH EE SETHEETEE EEE SEHSEEOSEOHSH HORSE HEHE EE SEEHESES FOFEEESESOEHEEE REESE SES SESESHEEEESEESE HES ES SESH ESEESEESES SESH ES SES ESSE EH OESES 








FRR eO HOHE HEHEHE EH HEE HEE SHHEEHSTHEEH EOE SE SESE SSE E ESET ESE SEH SESSEEEEOES FOEHEHEESSESEEHEESEEHOEHEESEEH EOE EOEEEEES ESS SEEHES SEE EEESEESSESESH EEE ES EEO EEE OS 


Example 4 
oS : 
Simplify: ae 
—28x°z a VE) SN re: 
Solution Wax eS ee 
42x 14-3 
2eiza 2x! 
Bone Atay? 
Example 5 
er teen (ae 108) a 
Simplify: (62 2p=*)) 
mate (Qaeebo ye x 3363p 12 
LEM SEL (6a3b~ 6 2a b- 2 
= 3-3. 63q12p0 
Gia Srl lGa'7 - 
=e = = 8a~ 
3 DH 
Example 6 


Simplify: as : 


Solution ee = tt 200-5) 


= x4n-2-2n+5— y2nt3 


to rewrite the expression with positive 
exponents. Then simplify. 


Simplify: — 


HYou Try It 5 
ees (Cuan 
Simplify: (6uy2)2 


Your solution 


HYou Try It 6 


2n+1 


Simplify: a 


Your solution 


Solutions on pp. S17—S18 
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VIDEQwe, (0M gat 
To write a number using scientific notation |=, ]) wy ~~ Lye 
Point of Interest Integer exponents are used to represent the very large and very small numbers 
ssconomers Peasure the encountered in the fields of science and engineering. For example, the mass of 
dista € of some stars by using the electron is 0.0000000000000000000000000009 g. Numbers such as this 
the parsec. One parsec is are difficult to read and write, so a more convenient system for writing such 


ey 1.91 X 105 mi. numbers has been developed. It is called scientific notation. 


To express a number in scientific notation, write the number as the product of a 
number between 1 and 10 and a power of 10. The form for scientific notation is 
a X 10”, where 1 Sa < 10. 


(TAKE aD TE For numbers greater than 10; move the 965,000 = 9.65 x 10° 
Th decimal point to the right of the first digit. 
i e numbers 9.65, 3.6, : a = 3,600,000 = 3.6. Ide 
199990°0.74 and 86 are The exponent n is positive and equal to the ee gs 
all numbers between 1 number of places the decimal point has 92.:000.000.000 = 9.2 x 101° 
and 10. Each is multi- been moved. d : é sa 
plied by a power of 10. 
Note that there are two For numbers less than 1, move the decimal 0.0002 = 210 


7) 


0.0000000974 = 9.74 x 10°8 
Sa 


pcb iting 2 point to the right of the first nonzero digit. 
number in scientific 


eee nid) Determine The exponent n is negative. The absolute 
the number between value of the exponent is equal to the number 0.000000000086 = 8.6 X 1071! 
ee ef 


1 and 10, and (2) deter- of places the decimal point has been moved. 
mine the exponent on 10. 


 semiteasieetncesemeetemametiesseainanmaaiemeneeeamatemmiaamniemsemmennd 


Converting a number written in scientific notation to decimal notation requires 
moving the decimal point. 


oN REREAD ONES RCN 


When the exponent is positive, move the deci- 1.32 < 10* = 13,200 
mal point to the right the same number of places 1.4 X 108 = 140,000,000 
as the exponent. 


When the exponent is negative, move the deci- 132541054 0,0132 
mal point to the left the same number of places as Sete! 
the absolute value of the exponent. 


Numerical calculations involving numbers that have more digits than a hand- 
held calculator is able to handle can be performed using scientific notation. 


220,000 x 0.000000092 








~ Simplify: 0.0000011 
220,000 x 0.000000092 2.2 x tO. 92> al0m: © Write the numbers in 
0.000001 1 7 (a ame scientific notation. 
D9) i) x 190°7{-8)-©®) 
= een) © Simplify. 
1.1 
= 18.4 * 102= 18,400 
Example 7 Write 0.000041 in scientific You Try It 7 Write 942,000,000 in scientific 
notation. notation. 
Solution 0.000041 = 4:1 x 107° Your solution 


Solution on p. S18 
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i i 
f POORER EEE HEHEHE EEE EEE E EEE EEEHE EE EEEEEEHEEEHEEEHEEHEEEEEEHEHHEHEEEHEHEEHOHHEEOEH ED PPC OOOOH ETOH HEHEHE EEE EEE EEE EEE OTHE HEHEHE EEEEEHEEEEEEEEEEESEEEEETESEEEOES 
Example 8 Write 3.3 X 107 in decimal You Try It 8 Write 2.7 X 10~> in decimal 
notation. notation. 

Solution 3.3).< 107 =" 33;000/000 Your solution 
‘ PERCE EEE EEE EHH EEE EEHEE TEE EEEHH EEE ET EEEEEHEEEEEHEHEHEE EE EHEHEEEEEEHEEHEEEEEHEEEE FESEHHEEEHHEEEEEEHEHEEEHEEEEEEETHEEEEEEEEEHEHESEHEHEEEEESESEEEEHESEEESESEESESE TEESE 
“Example 9 “You Try It 9 

Si ee 2,400,000,000 = 0.0000063 Sint lify: 5,600,000 < 0.00000008 1 

pee ee! 0.00009 x 480 PNY: ~~900 x 0.000000028 


ae 2,400,000,000 x 0.0000063 voueslocen 
ur 
omer 0.00009 x 480 ti 


_ 2410 e338 105: 
~ FORAL0M a 102 


_ (2.4)(6.3) x LO) gs ae 
(9)(4.8) 


= 0.35 X 10° = 350,000 





Solutions on p. S18 


VIDEO Cy & 
: mi eepvbeamy ) Ons) 
To solve application problems (]) <2” <1? a 


TUTOR WEB 





are in, Pe te 2 ae 8 nee erie ee ee nee enn He RES 
; Example 10 B You Try It 10 
How many miles does light travel in one day? A computer can do an arithmetic operation in 
The speed of light is 186,000 mi/s. 1 x 10°’s. In scientific notation, how many 
Write the answer in scientific notation. arithmetic operations can the computer 


perform in 1 min? 


Strategy Your strategy 
To find the distance traveled: 


e Write the speed of light in scientific notation. 
e Write the number of seconds in one day 
in scientific notation. 
e Use the equation d = rt, where r is the speed 
of light and ¢ is the number of seconds in 
one day. 
Solanon Your solution 
r = 186,000 = 1.86 x 10° 


24 - 60 - 60 = 86,400 = 8.64 x 104 


rt 
(1.86 X 10°)(8.64 x 104) 
86 X 8.64 x 10? 
1704 * 10? 
1704 X 101° 


Lighti © -Is 1.60704 x 10!° mi in one day. 


ll 


Solution on p. S18 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 6.1 / Exponential Expressions 337 


6.1 Exercises 


Objective A 


1. Which expression is the multiplication of two exponential expressions 
~ and which is the power of an exponential expression? 
a. q*-q' b. (4)! 


2. In the expression (a*b°)°, what is the product and what is the power? 


Simplify. 

3. (ab3)(a2b) 4. (—2ab‘)(—3a*b*) Se EB ee) 6. (x2v)? 
7. (x2y4)4 8. (—2ab?)3 9. (—3x2y3)4 10. (22a?b3)3 
11. (33a5b3) 12. (xy)(x2y)4 13. (x2y?)(xy3)3 14, [(2x)*? 
iS, [eRe 16. [(x’y)4} 17. [(ab)3}° 18. [(2ab)3? 
19. [(2xy)3}4 20. [(3x2y3)2? 21. [(2a4b3)3/ 22. yn - yen 
2), Tea ae 24. ye yan 25. yin. y3n-2 26. (a")2" 
Daema >) 7 280 ye) 29S 82) 305 72) 
31. (2xy)(—3x2yz)(x?y3z3) 32H Gz) (202) —32 9) 33. (3b5)(2ab2)(—2ab?c?) 
34. (—c3)(—2a2bc)(3ab) 35. (= 2447z)(3x4yz4) 36. (2a*b)3(—3ab4)? 
37. (—3ab3)3(—22a*b) 38. (4ab)?(—2ab?c3)3 39. (—2ab*)(—3a‘b)3 





Objective B 
Simplify. 


40. 23 41. 42. = 43. — 


338 


44, 


48. 


52: 


56. 


60. 


64. 


68. 


TP 


76. 


80. 


84. 


88. 
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—5x9 








Ga) as’): 


50b'° 
70b° 





ah” 








45. 


49. 


53. 


SW le 


61. 


65. 


69. 


iS: 


ihe 


81. 


85. 




















re 46. x 4y 
1 (2x)? 
ae at Gamer 
a 54. (x24y4y2 
oe) me a ‘ib 
x ly? aps 
(3a)-3(9a-1)-2 62. Ge) coy) 
aye Cog 
ye 66. =i ys" 
—3ab? ath —12a*b?\? 
(9a7b*)? , 9a°b? 
(3a°b)? be 1GGeD 
(—6ab*)* = Qxy?)2 
(—8x7y?)4 aR qo" 
(ony) ‘ qo" 
2n Oriel 
Vy HE 
: 82. 
—y8" x! =) 
n,,3n She tie 
x"y GeO, 
aye 86. qzttlpent2 
9 b 2\=2 =p 3 
ty | See 
8a -b DN hed ah 


47. 


51. 


55. 


seh 


63. 


67. 


7A: 


flee 


Wh) 


83. 


87. 


Lye 


Cy 


ach~4 
ie Age 








(x 2) "(9 4) 3 


—6x7y 
12%*y 


12x3y2z\4 
18xy%z4 


(—3a*b?)* 
(—2ab*)? 








ee 2 
xn lyn 2 


x" Ma “3 
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Objective C 


Write in scientific notation. 


91. 0.00000467 SZ: 


94. 4,300,000 95. 


Write in decimal notation. 


ele 


100. 6.34 x 10° 


sp lie 98. 


101. 


Section 6.1 / Exponential Expressions 


0.00000005 93: 
200,000,000,000 96. 
C2 S10 he) 
BO Ore 102. 


Simplify. Write the answer in decimal notation. 


EOS peo < 10° %)(5 x 10'*) 


105. (0.0000065)(3,200,000,000,000) 


OF 10. 


107. BcA03 


4800 


bee 0.00000024 


(B33 6105. JO. 7 610%) 
8.1 x 1073 





113. 


(0.00000004)(84,000) 


115. 
(0.0003 )(1,400,000) 





Objective D Application Problems 


108. 


1045) (3.9% 1057)G2 x 10) 


106. (480,000)(0.0000000096) 


DGTP SONOS: 
eh ies 


0.00056 
0.000000000004 


(6:9 G02 (832410832) 


114. 
Ane (022 





(720)(0.0000000039) 


ae (26,000,000,000)(0.18) 





Solve. Write the answer in scientific notation. 


1 le Fe 
300,000 km/s. 


118. 
300,000,000 m/s. 


How many kilometers does light travel in one day? The speed of light is 


How many meters does light travel in 8 h? The speed of light is 


109. 


0.00000000017 


9,800,000,000 


Seal Ole 


4.35 x 10° 


0.0089 
500,000,000 


0.000000346 
0.0000005 


339 


120. 


1203 


122: 


123. 


124. 


125. 


126. 


127; 


Chapter 6 / Polynomials 


The rover Sojourner landed on Mars in July of 1997. It took 11 min for 
the commands from a computer on Earth to travel to the Sojourner, a 
distance of 119 million miles. How fast did the signals from Earth to 
Mars travel? Write the answer in scientific notation. 


In the summer of 2001, the federal debt was 3 x 10!? dollars. How much 
would each American citizen have to contribute in order to pay off the 
debt? Use 300,000,000 as the number of citizens. 


A high-speed centrifuge makes 9 X 107 revolutions each minute. Find the 
time in seconds for the centrifuge to make one revolution. 


How long does it take light to travel to Earth from the sun? The sun is 
9.3 X 107 mi from Earth, and light travels 1.86 10° mi/s. 


The mass of Earth is 5.9 X 10?” g. The mass of the sun is 2 x 1033 g. How 
many times heavier is the sun than Earth? 


One astronomical unit (A.U.) is 9.3 X 107 mi. The star Pollux in the con- 
stellation Gemini is 1.8228 < 10!2 mi from Earth. Find the distance from 
Pollux to Earth in astronomical units. 


The weight of 31 million orchid seeds is one ounce. Find the weight of 
one orchid seed. 


One light year, an astronomical unit of distance, is the distance that light 
will travel in one year. Light travels 1.86 < 105 mi/s. Find the measure of 
one light year in miles. Use a 365-day year. 


The Coma cluster of galaxies is approximately 2.8 x 108 light years from 
Earth. Find the distance, in miles, from the Coma cluster to Earth. (See 
Exercise 126 for the definition of one light year. Use a 365-day year.) 


APPLYING THE CONCEPTS 


128. 


®, 129. 


Simplify. 2 
a bead 424) bo 2=2—](0 224) 


Correct the error in each of the following expressions. Explain which 
rule or property was used incorrectly. 


a. 2x + 3x = 5x? b. a—-(b-c)=a-b-c 
e. a 0 6.14) Sr? 


e, x2 ‘: x3 _ x6 f. pintn is bm ie bn 
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Objective A 


| TAKE NOTE 

_ An analogy may help 

_ you understand these 

_ terms. Polynomial is 

i similar to the word car; 
_ Chevrolet and Ford are 
_ types of cars, just as 

_ monomials and 

_ binomials are types of 

_ polynomials. 
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Introduction to Polynomials 
VIDEO fo as 


) Xe 


To evaluate polynomial functions ly 
TUTOR WEB 





A polynomial is a variable expression in which the terms are monomials. 


A polynomial of one term is a monomial. 5x 
A polynomial of two terms is a binomial. BV 4 OX 
A polynomial of three terms is a trinomial. Oe OG oy) 


Polynomials with more than three terms do not have special names. 


The degree of a polynomial is the greatest 366 ap W degree 1 

of the degrees of any of its terms. Bye ae De = 2) degree 2 
Aaya OX degree 5 
Ce eae a eZ degree 2n 

The terms of a polynomial in one variable 2h a 8 

are usually arranged so that the exponents 

of the variable decrease from left to right. SS" Se Seay = bY 


This is called descending order. 


For a polynomial in more than one variable, descending order may refer to any 
one of the variables. 


The polynomial at the right is shown first Dy Se oe Shi 
in descending order of the x variable and then 
in descending order of the y variable. SU is SP!) ae Per 


Polynomial functions have many applications in mathematics. In general, a 
polynomial function is an expression whose terms are monomials. The linear 
function given by f(x) = mx + b is an example of a polynomial function. It is 
a polynomial function of degree one. A second-degree polynomial function, 
called a quadratic function, is given by the equation f(x) = ax* + bx + ¢, 
a # 0. A third-degree polynomial function is called a cubic function. 


To evaluate a polynomial function, replace the variable by its value and 
simplify. 


=> Given P(x) = x? — 3x2 + 4, evaluate P(—3). 


PO) = 344 


Pes) (3) a) ee e Substitute —3 for x and simplify. 
= -27 -— 3(9) + 4 
==27 —27 +4 
= —50 
The leading coefficient of a polynomial function is the coefficient of the 
variable with the largest exponent. The constant term is the term without a 
variable. 


342 Chapter 6 / Polynomials 


You can verify the graphs of 
these polynomial functions by 
using a graphing calculator. 
See the Appendix: Guidelines 
for Using a Graphing Calculator 
for instructions on graphing 
functions. 


~» Find the leading coefficient, the constant term, and the degree of the poly- 
nomial function P(x) = 7x4 — 3x2 + 2x — 4. 


The leading coefficient is 7, the constant term is —4, and the degree is 4. 
The three equations below do not represent polynomial functions. 


f(x) = 3x2 + 2x4 A polynomial function does not have a variable raised 


to a negative power. 





g(x) = Vx =3 A polynomial function does not have a variable expres- 
sion within a radical. 
h(x) = = i A polynomial function does not have a variable in the 
x- 


denominator of a fraction. 


The graph of a linear function is a straight line and can be found by plotting just 
two points. The graph of a polynomial function of degree greater than one is a 
curve. Consequently, many points may have to be found before an accurate 
graph can be drawn. 


Evaluating the quadratic function given by the equation f(x) = x2 — x — 6 when 

x = —3, —2, —1, 0, 1, 2, 3, and 4 gives the points shown in Figure 1 below. For 

instance, f(—3) = 6, so (—3, 6) is graphed; f(2) = —4, so (2, —4) is graphed; and 

{(4) = 6, so (4, 6) is graphed. Evaluating the function when «x is not an integer, 
3 5 

such as x = 5 and x = x produces more points to graph, as shown in Figure 2. 

Connecting the points with a smooth curve results in Figure 3, which is the graph 


of f. 




















Figure 3 


Figure 2 


Figure 1 


Here is an example of graphing a cubic function, P(x) = x3 — 2x? — 5x + 6. Eval- 
uating the function when x = —2, —1, 0, 1, 2, 3, and 4 gives the graph in Fig- 
ure 4 below. Evaluating at some noninteger values gives the graph in Figure 5. 
Finally, connecting the dots with a smooth curve gives the graph in Figure 6. 














@ A 
16 16 * 
8 ta ® 
e le og 
2 2—_—__@ > X -®. = 2 > X 
—-4 -2...0 @ 4 -4 -2 0 e,° 4 
e 
=| -8 
@ 
~16 -16 
Figure 4 Figure 5 Figure 6 
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Example 1 
Given P(x) = x3 + 3x2 — 2x + 8, evaluate 
P(—2). 


Solution 
Bonet + 3x7 "2x + 8 
eee (- 2)? +3(—2)? — 2(-2) + 8 
ato) aie 4 8 
eo a lett 44° 8 
= Iie 


POOR o meses ees ere soso FaE HEHEHE OSES HESSD EOE E ESSE EEE ESESESES EE EE OEE EO SEES 


Example 2 

Find the leading coefficient, the constant 
term, and the degree of the polynomial. 
Pigeaxo — 44° — 3x2 7 


Solution 


The leading coefficient is 5, the constant term 


is) 7, and the degree is 6. 


POPC O POOH EOE EO ESOT HEHEHE TES EHTS EE ES EE EESEESESESESESETEH HOSES ESSE SOSO® 


Example 3 

Which of the following is a polynomial 
function? 

ee ext tt 21x? = 3 

b. T(x) = 3Vx — 2x2 — 3x +2 

mi p= 147 — ax? + 3x 4+ 2 


Solution 

a. This is not a polynomial function. A 
polynomial function does not have a 
variable raised to a fractional power. 

b. This is not a polynomial function. A 
polynomial function does not have a 
variable expression within a radical. 

c. This is a polynomial function. 


CORO e eee ere oe eee EEA SHES ESOT SESE SES ESOS SESE SES ED HOHE SEH EH ES SSSSSOSEE OED 


Example 4 
Graph f(x) = x? — 2. 


Solution 
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E You Try It 1 
(GIGI GS)) = SI Be BE Le oy. 
evaluate R(2). 


Your solution 


i Try It 2 


Find the leading coefficient, the constant 
term, and the degree of the polynomial. 
AGS Saye de Bie ce Bye he ail 


Your solution 


~ You Try It 3 
Which of the following is a polynomial 
function? 
Ep MGn) seria 5) 
ba Grea 5 
c. P(x) = 2x4 — 3Vx — 3 


Your solution 


2 POCO OOO S RESO ROOT OEE ES ESE LOH OTH OH TE HEHEHE HEOEEH OOHRS EEE HEE H OOH ODS 


“You Try It 4 


Your solution 





| 
as 

| 
i) 
(j=) 
i) 
aS 





POCO OHHH OHHH EEE H HEH SEH OS ODO SOOO EEE ESOS TOS OS EHS EHO EES ODESOEEES 


343 


oesccesee 


Solutions on p. S18 
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Example 5 ee Try It 5 
Graph f(x) =x? — 1. Graph (((c) ee a Ie 
Solution Your solution 
" 
yi 
: 4 sate 
: 2 
au Ee 
4 











Solution on p. S18 


: Gm St rr 
= —s-‘ To add or subtract polynomials a Wy a 
UTOR WEB SSM 


Polynomials can be added by combining like terms. Either a vertical or a hori- 
zontal format can be used. 





=> Add (3x? — 7x + 2) + (7x? + 2x — 7). Use a horizontal format. 


Ce =e = 2) a I e Use the Commutative and Associative 
= 3x a Xe a (7 or 2k) (2) Properties of Addition to rearrange and 
group like terms. 


ll 
Cs) 
So 

4. 
~] 
= 

NS) 
Cn 
S 
Ot 


© Combine like terms. 


™ Add (4x2 + 5x — 3) + (7x3 — 7x + 1) + Qe — 3x2 + 4x3 + 1). Use a vertical 


format. 
AXA ot 3 e Arrange the terms of each polynomial in descending 
7x3 = jhe ae Al order with like terms in the same column. 
Ags ok? 2k 
lix2 + x2 = J e Add the terms in each column. 


TAKE NOTE 
The opposite of a The additive inverse: of the polynomialix? = 5x — 4 is = + 5x = 4): 


polynomial is the : : ae 5 
polynomial with the sign To simplify the additive inverse of a 


of every term changed. polynomial, change the sign of every — (44.4 Sa 4) = xe — Se 
term inside the parentheses. 
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(poetsnrrarmestnesereriensnarnsey 
i 


TAKE NOTE 
This is the same 
definition used for 
Subtraction is addition 
of the opposite. 


subtraction of integers: 
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To subtract two polynomials, add the additive inverse of the second polynomial 
to the first. 


Bee oubtract (37 ae iiye ty) (40 xy Sy"), Use a horizontal format. 


Oey ea ye sy) ¢ Rewrite the subtraction as the 
Se ee ey) AN eye ey) addition of the additive inverse. 
= 7x* — 14xy + 4y? ¢ Combine like terms. 


ep Subtract (64° —-3x + 7) — Gx- — 5x + 12), Use a vertical format. 





(Ore = She te = (Che = Sree. 1A) e Rewrite subtraction as the addition 
= (6x7 = 3x 7) 4+ (—3x2 + 5x — 12) of the additive inverse. 
one lee ta anny) e Arrange the terms of each polynomial in descending order 
sbi ae Sy = we with like terms in the same column. 
6x? = 3x2 + 2e — 5 e Combine the terms in each column. 


Functional notation can be used when adding or subtracting polynomials. 


> Given 2) — 93x" —_ 2x 4 and R@)— 5% = 4% + 7, find P(x) + RG). 


P@) => RW iS Cx 2x 4) + (5x2 4x + 7) 
SS Sree Bh te Pee se Nl 


| 
= 
Oo 
S 

tw 


SP Given) or 4 ond h(x) —3 30> oe 9, find Px) es R(x): 


P(x) — R(x) = (—5x?2 + 8x — 4) — (—3x2 — 5x + 9) 
= (—5x? + 8x — 4) + (x2 + 5x — 9) 
Sy ae 


=> Given PG) = 3x2 — 5x + GO and R(&) = 2x2 — 5x — 7, find S(x); the sum ot the 
two polynomials. 


II 


Gaya VHEal ING) (Ghee = bye she) = IGS = are — 7) 


Se Oa 


II 


Note-that evaluatings:P@) = 3x2 — 5x 4 6\ and R@) = 2x2)" 27)— 7 ataor 
example, x = 3, and then adding the values, is the same as evaluating 
Gap spe = be == 1) aie Sp 

PG) = 36) — 56) 36-27) 1) 6 — 18 

R(3) = 28)? — 5(3) -7 = 18 - 15-7=-4 

P(3) + R(3) = 18 + (—4) = 14 


SG) =5C6)— 106) = 45230 — 1 = 14 
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PRC eee eee eee HH EEE HEHEHE SHE H EEE ESE HEHEHE EEE HEH EEE EEH EES SE ESHEETS EEEEEEES FEHHESEEEEEHHEH SES SESSESESES ESE EEE SEH EEH SEH SESESHESSEESEEH SEE SES HSS EH SSH SOE SEEY 


Add 
(4a? — Say (V2) ce ae eye a2 )). 
Use a vertical format. 


Solution 
A Oey en 
ao a Oy ye 


») 


ee egy Sa8y 





(heme cece reece eee s er eee eee onsen ee esen esse esses sense esses seessseseeesssens 


“Example 7 
Subtract 
(C8 DRS SAD) Abe ce BV A 
Use a vertical format. 


Solution 
Add the additive inverse of 7x? + 3x — 12 
to 3x2 — 2x + 4. 


3x2 —-2x + 4 
—7x? — 3x + 12 
Aa Sat 16 





“Example 8 
Given P(x) = —3x2 + 2x — 6 and 
R= eo i 
S@) = P(@«) + R(x). Evaluate S(—2). 


Solution 

Se) = P@) + R@) 
= (—3x2 + 2x — 6) + (4x3 — 3x + 4) 
ee he ng 


2) 2) ee) ee) ke 
AO 4) a2) = 2 
eS SN ed ie 

= —44 





CORR R RCO EH OHHH HSE HEHEHE ES EHH EEH EEE EEH HESS OS EESEES ESE EEH ESO SESEEHES STS EEHH EES HHUO STS OSEH HEHE OEE SESE SS EE HEE ESH SEEMS SES EEHOEEEEHOEH OEE EET HEHEHE SEE SESS ES EES 


Example 9 

Given P(x) = 2x2" — 3x" + 7 and 
R(x) = 3x2" + 3x" + 5, find 

D(x) = P(x) = R(x). 


Solution 
D@) = P(x) — RG) 

a = Sa 1) = Bare sao) 
(2x2" — 3x" + 7) + (—3x2" — 3x? — 5) 
= —x2" — 6x" + 2 


II 


You Try It 6 

Add 

(= 352 =A ao) ae 
Use a vertical format. 


Your solution 


ee Try it 7 
Subtract 
(CSS re = xa)) Se awe SE She = 7), 
Use a vertical format. 


Your solution 


| 


OCR OH eee ee eee eee eH EERE TECHS EEE SEO EEHEORESEES SEH SESEEE EES EES EEE EE OES EES EEEEOS 


Given P@) = 4x2 — 3x? + 2 and 
RG ee aT el 
S(@) = P@) + R@). Evaluate SC 1). 


Your solution 


You Try It 9 

Given Pt) = Sx-" = 3x" — 7 and 
R(x) S229 S50 8) find 
D(x)-= P(x) = R@): 


Your solution 


Solutions on p. S18 
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6.2 Exercises 





Objective A 
1. Given P(x) = 3x2 — 2x — 8, evaluate P(3). 2. Given P@&) = =3x? — 5x + 8, evaluate P(—5). 
Ba Given Rj) = 2x> — 3x2 + 4x — 2, 4. Given R(x) = —x? + 2x? — 3x + 4, evaluate 
evaluate R(2). Dy 
5. Given f(x) = x4 — 2x? — 10, evaluate f(—1). 6. Given f(x) = x° — 2x3 + 4x, evaluate f(2). 


Which of the following define a polynomial function? For those that are 
polynomial functions, identify a. the leading coefficient, b. the constant 
term, and c. the degree. 





7. P(x) = x2 + 3x48 8. P(x) = 3x4 — 3x —7 9. R(x) = = : 
10. Ro) - 2+ 1 11. f%)=Vx =x24+2 12, fay=22 —Voe? —8 
Rome) — 35° — 2x7 = 7 Ae) = AK — 3x? x eT 15. P@) = 3x2 = 5x2 + 2 
16. P(x) = x? — 5x4 — x6 17. R(x) =14 (kk Ve) = 9 
Graph. 
19. P(x) =x?-1 20. P(x) = 2x2 + 3 ZIRE) = 224 2 
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Add or subtract. Use a vertical format. 


Py, 


pare. 


(5x2 + 2x — 7) + (x? — 8x + 12) 26. (3x2 — 2x + 7) + (—3x2 + 2x — 12) 


(7 Orc) ean OMe eee) 2820257 Sia OK OKs 


Add or subtract. Use a horizontal format for Exercises 29-32. 


242): 


Sie 


53. 


55: 


S57, 





CR a act CY O07 aie.) 30n G-2)- = Aye nD) eS 3) 

(2a? — 3a — 7) — (—5a? — 2a — 9) 32. (3a2 — 9a) — (—5a2 + 7a — 6) 

Given P(x) = x? — 3x + 1 and 34. Given P(x) = x2" + 7x" — 3 and 

R(x) = 2x2 — 3, find P(x) + R(x). R(x) = —x?" + 2x" + 8, find P(x) + R(x). 
Given P(x) = 3x2 + 2 and 36. Given P@) =]2e" 2c — 1 and 

R= 5x2 + 2% — 3: find R(x) = 5x2" + 7x" + 1, find 

P(x) — R(x). P(x) — R(x). 

Given P@&) = 3x7 = 3x? = x2 and 38. Given P(x) = 3x* — 2x + 1 and 

R(x) = 3x3 — 7x2 + 2x, find R@) = 3x° — 5x — 8, find 

S(x) = P(x) + R(x). Evaluate S(2). SG) = P@) = R@) Evaluate SCD): 


APPLYING THE CONCEPTS 


39. 

40. 
. Al. 
© 42. 


For what value of k is the given equation an identity? 
ae wl 2209, Bice ae eS) Ga 22 Se ee eae 
b. (6x3? + kx? — 2x — 1) — (403 — 3x2 + 1) = 2x3 — x? — 2x — 2 


The deflection D (in inches) of a beam that is uniformly loaded is 
given by the polynomial function D@) = 0.005x*%* — Ox? + 05x27, 
where x is the distance in feet from one end of the beam. See the figure at 
the right. The maximum deflection occurs when x is the midpoint of 
the beam. Determine the maximum deflection for the beam in the 
diagram. . 


If P(x) is a third-degree polynomial and Q(x) is a fourth-degree poly- 
nomial, what can be said about the degree of P(x) + Q(x)? Give some 
examples of polynomials that support your answer. 


If P(x) is a fifth-degree polynomial and Q(x) is a fourth-degree poly- 
nomial, what can be said about the degree of P(x) — Q(x)? Give some 
examples of polynomials that support your answer. 
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Objective A 


PPP eer eee ress ee seeseeesssssesesees 
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Multiplication of eee 


amet is Ap. SSM 


To multiply a polynomial by a monomial, use the Distributive Property and 
the Rule for Multiplying Exponential Expressions. 


To multiply a polynomial by a monomial 


= Multiply: —3a(4a? — 5a + 6) 


—3a(4a* — 5a + 6) = 
= —12a3 + 15a? — 18a 


| 
| 
ics) 
Qa 
— 
JS 
Qa 
nN 
WY 
a 
GQ 
Q 
— 
a 
U1 
Qa 
Sy 
+ 
— 
ies) 
8 
Se 
a 
Ov 
7 


© Use the Distribu- 
tive Property. This 
step is frequently 
done mentally. 


Ee Try It 1 


Example 1 
Multiply: (5x + 4)(—2x) Multiply: (—2y + 3)(—4y) 
Solution Your solution 


(5x + 4)(—2x) = —10x? — 8x 


Sem e wee eeseeeeeeseeseseesesesseeee 


COO OH eee e meee meee eee EEE EHH EHH ES HEHE SESE EE PETE EEE SHOOT OSES OHSS ETO EEES SEH EH SEES OSE SES ES EEE SOOT OTHE EH EE SSE EEE SESESOHS EEE EEE 


Example 2 You Try It 2 
Multiply: 2a*b(4a? — 2ab + b?) Multiples —a-(a- a 2a-— 77) 
Solution Your solution 


2a*b(4a? — 2ab + b?) 


= 8a*b — 4a3b? + 2a2b3 


Objective B 


Solutions on p. S18 


is &. 
“e) | 


Multiplication of two polynomials requires the repeated application of the 
Distributive Property. 





To multiply two polynomials 


(= DO? +37 DO — DOVcaG= 2)Cys- Gea DG) 
Vo Dy SVE) OY ae Vee 


ye Oye a2 


A convenient method of multiplying two polynomials is to use a vertical format 
similar to that used for multiplication of whole numbers. 


yet Syne | 
Y= 2 
ee Oar © Multiply —2(y? + 3y + 1). 
ye Syn © Multiply y(y2 + 3y + 1). 
Os Nie MO aktg es © Add the terms in each column. 
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=> Multiply: (2a? + a — 3)(a + 5) 








20% ae 
Guia bea i 
; e Note that spaces are provided in each 
10a° + 5a — 15 product so that like terms are in the 
2a* + a? — 3a same column. 
QGee Ge a> a e Add the terms in each column. 


POPC e Cee eee OH EE H EEE TET EEE SEES EHHES ESE EEEEHO SSO SEE HSE OSE DEH EES SESE OEHESSEEHEOS PEOHSEHET SES HEE HSE EEE OES OE SEH SESE ESEEEEEEE EES EEHEESEOEEESEEOES ESO DESESOESOESES 


Example 3 


Multiply: @b> — b + Ib +3) 


You Try It 3 
Multiply: yy 23) (Syeeal) 


Solution Your solution 
2b3 —b+1 
2b +3 
6b3 = 3b + 3 
4b* + — 2b? + 2b 


4b*4 + 6b3 — 2b? -— b+3 


Solution on p. S19 


| VIDEQ eN ws - 
2. To multiply two binomials i, Aa A SSM 





It is frequently necessary to find the product of two binomials. The product 
can be found using a method called FOIL, which is based on the Distributive 
Property. The letters of FOIL stand for First, Outer, Inner, and Last. 


ety 
TAKE NOTE 
FOIL is not really a 
different way of 
multiplying. It is based 
on the Distributive 
Property. 


(Qx + 3)(x + 5) 
= 2G SD) Oe oO) 
F O I Thy 
= 2x2 + 10x + 38x +15 
= 2" + 13% + 15 


FOIL is an efficient way 


Multiply: (2x4 3)Gc 4.5) 


Multiply the First terms. 
Multiply the Outer terms. 
Multiply the Inner terms. 


Multiply the Last terms. 


Add the products. 


Combine like terms. 


Cx a3) Gre.) 
(Ce se SiGe ae Sy) 
x = 3) 5) 
(a5 3) Geer 5) 


(2x + 3)@ +5) 


20% = 22 
25 = NOs 
3-x = 3x 
ena fis) 


F O I Ik, 
= 2x2 + 10x + 3x + 15 


= 2424 13% ae ie 


to remember how to do 
binomial multiplication. 


= Multiply: (4% — 3)(x — 2) , 


(ann = = nena oe ee oS oe ean eee ee eee eee ey 


(4% = 3)(3x = 2) 


II 
ass 
3 
a 
\oS) 
Sy 
— 
+ 
= 
3 

a 
| 
i) 
wa 
+ 
— 
| 
WW 
~—" 
\ 
Ov 
S 
wa 
Ve 
| 
eS) 
Se 
— 
| 
i) 
wa 


tts tt on lo 


12x? — 8x — 9x + 6 
12x? — 17x + 6 


™® Multiply: (3x — 2y) (x + 4y) 


ee ep re nm er Ss ns ee ny ee 


(3x — 2y)(x + 4y) =! 3x(x) + 3x(4y) + (—2y)(x) + (—2y)(4y) | 
=3x24+ 12xy — 2xy —*8y? 
= 3x7 + 10xy — 8y? 


© Do this step 
mentally. 


© Do this step 
mentally. 
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POPP SCH CH HHH SHH HEE SE SED DEEEE EEE OOOOH EH EO SEH ET EO SESEH ES ES EOO SHES EEEEOEEEESESS PELESESOEEES SHEE DESEO ESS ESOSEEEESES ES EOE SES ESES SEES SEESES HEHEHE OEE S ODES SESE EEES 


Example 4 You Try It 4 
Multiply: (2a — 1)(3a — 2) Multiply: (4v — 5)(2y — 3) 
Solution Your solution 


(2a — 1)(3a — 2) = 6a? — 4a — 3a + 2 
= 6a" — Ta +2 


Example 5 . Se Try It 5 
Multiply: (3x — 2)(4x + 3) Multiplya(3b)4, 2)(Gb= 45) 
Solution Your solution 


12x? + 9x — 8x — 6 
= 12x7+x-6 


ie?) 40 3) 


Solutions on p. S19 





To multiply binomials 
that have special products 





Using FOIL, it is possible to find a pattern for the product of the sum and dif- 
ference of two terms and for the square of a binomial. 


The Sum and Difference of Two Terms 
(a+ b)(a — b) = a2 — ab+ ab — b? 
2 aay 52 





Square of the first term J 
Square of the second term 





The Square of a Binomial 
(a+ b)? =(a+ b)(a+ b) = a? + ab+ ab+ b? 
= a+ 2ab+ Bb’ 


Square of the first term 
Twice the product of the two terms 
Square of the last term 





=> Multiply: (2x + 3)(2x — 3) 


(2x + 3)(2x — 3) is the sum and difference of two terms. 


ea oo re ey 


24 --3)Qx = 3) = | (24.)2 3" © Do this step mentally. 


De Ee eee ace) 


=> Multiply: (3x — 2) 
(3x — 2)? is the square of a binomial. 


e Do this step mentally. 


= 9x? — 12x + 4 
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ORO ORO ERROR ERE OHO E ROSS E SOTHO EE TEE EET H EEE TEH OEE EEH FEE EOH SES SESEESEEEES FORSHEE EEE SEH EES ESSE SE SSES OEE EES EEE SEE SES SER SES EESEEE EEE EEE SES EOOEESEESEOEEES 


‘Example 6 
Multiply: (4z — 2w)(4z + 2w) 


Solution 
(4z — 2w)(4z + 2w) = 1622 — 4w? 


CORO eee eee HEHEHE EEE SHEE EEE HEE SESE OSE ES EEE E ESTES ESE SHE SEDO ESE EEESEHEOHESESSES PESHSEEHEEHESEESESEHEESESSES EES EEE SESE EES EE SEES EES ESSE HEESEES ESS ESE OES EEH SEES 


~ Example 7 
Singplity: (27 35) 


Solution 
(2r — 3s)? = 4r?2 — 12rs + 9s? 





Example 8 

The length of a rectangle is (2x + 3) ft. 

The width is (« — 5) ft. Find the area of 
the rectangle in terms of the variable x. 





Strategy 

To find the area, replace the variables L 
and W in the equation A = L - W by the 
given values and solve for A. 


Solution 

A=L:-W 

A= (2% +:3)@=— 5) 
= 244 —. 10n 3 5 
= 24? = 7x, — 15 


4 


The area is (2x2 — 7x — 15) ft2. 


You Try It 6 
Multiply: (2a + 5c)(2a — 5c) 


Your solution 


You Try It 7 


. = iD Sal 
To solve application problems ¢=53// 


' 


Simplify: (3x + 2y)? 


Your solution 


Solutions on p. S19 


VIDEO. 





COOH OSES O HEED HE OSES EEL ES HELE SOS TOHOS HES EES ESESESHEES ETOH F EOE EE HESS ESS EOEEOSS 


You Try It 8 

The base of a triangle is (2x + 6) ft. The 
height is (x — 4) ft. Find the area of the 
triangle in terms of the variable x. 


2x+6 


Your strategy 


Your solution 


* 


Solution on p. S19 
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6.3 Exercises 


Objective A 
Multiply. 


x(x 2) 


Saeed ad — 2) 


Sa Or — 1) 


ils. Oye eye 


iia — 7) 


Pi 20 5a) 2) 


ZA. y2(—A4y? — 6y + 7) 


Pima 1 3a — 4 )( 2) 


Sime x (3x- — 3x — 7) 


Objective B 


Multiply. 


10. 


14. 


18. 


33. (2+ 3x + 2)a% 4+ 1) 
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Gy 5) 3. —x(x + 7) 
4b2(b + 8) Tin = S326 = 3) 
SO =) Lie 2612 — 3x) 
Gy 2)y US, (Ge ah Ave 
SS CLG) —= 3) IC Gt = Bhs ae 2) 

pipe, Sar = fs = 85) 

Zoey a Siee Overs! ) 

Bey, WW? = Hay == P= eye) 

BI VG ok) 

3425S 2 = WN 82) 


Eb = i) 


Sa 6-07 2y2) 


12. 3y(4y — y2) 


IMGs, (Oe == Wee 


20: y(—3y2 = 2y 2.6) 


232) x7 3x7 357 — 92) 


26m ase 0) 





29. —3y2(—2y2 + y — 2) 


32. ab(2a* = 4ab — Cb) 


35. (@ — 3a + 4)@ — 3) 
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SOB es ee) (2) 37. (267 — 3) 5. 4)(0 >) 38. (—a* + 3a)=-2) Qa) 








SOn (ee i 2) a) 40. (=a? = 2a-- 3) 2a 11) AT. Gt) 3) 


a2. (y2 = 2y)Qy-# 5) 432 Ge = 3k 2) 4) 44. (y? + 4y? — 8)(2y — 1) 


45. (Sy? + 8y — 2)(3y — 8) 46. (3y? + 3y — 5)(4y — 3) 47. (503 — 5a + 2\iq 


48. (3b3 — 5b? + 7)(6b — 1) 49. (y3 + 2y2 — 3y + 1)(y +2) 50. (a? — 3a? + 2a — 1) gee) 


Objective C 
Multiply. 


51. (x + 1)(x + 3) 52. (y + 2)(y +5) 53. (a- 3)(a+ 4) 54. (b — 6)(b + 3) 
55. (y + 3)(y - 8) 56. (x + 10)(« — 5) EW EMG) = NG = <8) 58. (a — 8)(a — 9) 
59. (2x + 1)(x + 7) 60. (y+2)(5y+1) 61. Gx - 1+ 4) 62. (7x — 2)(x + 4) 
63. (4x — 3)(x — 7) 64. (2x —3)(4x—7) 65. (3y — 8)(y + 2) 66. (5y — 9)(y + 5) 


67. (404 7)(3e- 11) 68.5 (Ser 6)(Ga +5)" 69. (7a — 16)Ga— 5)” (70. (Ga —-12) Gala 


71. (3a — 2b)(2a — 7b) 72. (5a — b)(7a —b) 73. (a — 9b)(2a + 7b) 
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Objective E Application Problems 





101. 
of the rectangle in terms of the variable x. 


102. 
area of the rectangle in terms of the variable x. 


The length of a rectangle is 5x ft. The width is (2x — 7) ft. Find the area 


Section 6.3 / Multiplication of Polynomials 


74. (2a + 5b)(7a — 2b) aoa 0ge 6b) (10g b) 76. 
Diemox a 1l2y)(3x + 4y) 18.) (lily) Bx) Thos 
80. (5x + 2y)(2x — 5y) Sie (ke = SiGe = Gy) 82. 
Objective D 
=, 83. What does it mean to square a binomial? 
~*, 84. Why is (a + b)* not equal to a* + b?? 
Multiply. 
85. (y — 5)(y + 5) 86. (y+ 6)(y—6) 87. (2x +3)(2x—-3) 88. 
Some + 1)4 507) (ye 3) SN Ee ei eyo O23 
OaMeGr = )Grt 7) 94. (x—2)9x +2) 95.) Qa +b) 96. 
97. (4 — 3y)(4 + 3y) 98. (4x — 9y)(4x + Dy) 99. (Sx + 2y)? 100. 


The width of a rectangle is (x — 6) m. The length is (2x + 3) m. Find the 


355 


(12a — 5b)(3a — 4b) 


One Sy \Ca 49) 


(Za Sy (8x ay) 


(4x — 7)(4x + 7) 


(6x = 5) 
(Gano) 
(2a — 9b)? 


356 


Chapter 6 / Polynomials 


103. The length of a side of a square is (2x + 1) km. Find the area of the 
square in terms of the variable x. 

104. The length of a side of a square is (2x — 3) yd. Find the area of the square 
in terms of the variable x. 

105. The width of a rectangle is (3x + 1) in. The length of the rectangle 
is twice the width. Find the area of the rectangle in terms of the 
variable x. 

106. The width of a rectangle is (4x — 3) cm. The length of the rectangle 
is twice the width. Find the area of the rectangle in terms of the 
variable x. 

107. The base of a triangle is 4x m, and the height is (2x + 5) m. Find the area 
of the triangle in terms of the variable x. 

108. The base of a triangle is (2x + 6) in., and the height is (@ — 8) in. 
Find the area of the triangle in terms of the variable x. 

109. An athletic field has dimensions 30 yd by 100 yd. An end zone that is w 
yd wide borders each end of the field. Express the total area of the field 
and the end zones in terms of the variable w. 

110. A softball diamond has dimensions 45 ft by 45 ft. A base path bor- 
der x ft wide lies on both the first-base side and the third-base side of the 
diamond. Express the total area of the softball diamond and the base 
path in terms of the variable x. 

APPLYING THE CONCEPTS e 

Simplify. 

111. (a+b) — (a — b) 112. @+x- 3) 113. 

114. a. What polynomial has quotient 3x — 4 when divided by 4x + 5? 

b. What polynomial has quotient x? + 2x — 1 when divided by x + 3? 

115. a. Add x? + 2x — 3 to the productol 2% —*5 and 37-12 


b. Subtract 4%? — x — 5 from the product of x? + x + 3 andx — 4, 


3x + 1 

















<— 





2x + 6 =a 








(a + 3)3 
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Division of ne. 


To divide two polynomials, use a method similar to that used for long division 
of whole numbers. To check division of polynomials, use 





To divide polynomials 


Dividend = (quotient X divisor) + remainder 


= Divide: 2 + 5x = 7) = @ + 3) 


Step 1 KS Et ee 
Se eae 7 ee ee 
chanel Wy Multiply: x(« + ae x2 + 3x 
2x — 7 Subtract: («? + 5x) — (2? + 3x) = 2x 


Bring down the —7. 


Step 2 tee 
x + 3)x2+ 5x —7 
x? + 3x 
ee fine Think: x)2x = = 2 
De = ql x 
2x +6 Multiply: 2(« + 3) = 2x + 6 
—13 Subtract: (24-37) —__Q4 + 6) =— 


The remainder is — 13. 


Check: (Quotient)(divisor) + remainder 


eee) (eles) tS) ok eo box x = 7 


Ie) 


Te ese 1) ar 8 me oN coe ars 
(x 5x = 7) G3) =x Gs 





oe 6 — 6x? + 4x3 
Divide: =— =. 

Die 
Arrange the terms in descending order. Note that there is no term of x in 
4x3 — 6x2 + 6. Insert a Ox for the missing term so that like terms will be 
in the same columns. 





2x7 - 6x+ 9 
2) AX OG te Oke 
4x3 + 6x? 2 
— 12x2 + Ox £. 
el 2 OX id 
Lore 16 
ewe ae 27 
— 21 
i el ar aE ee, me 


Dee ae 3} 2x6 3 
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BOR ee eee eee eee eee eee EEE HEHE EEE EEE ESS ESE SESE EE EEE SES EESEEHEEHEEHEEEEESEEEEEES 


S Example 1 

12x? — 11x + 10 

Di id | 
1vide rie an: 


Solution 


te Try It 1 


15x? + 17x — 20 


Divide: 
es 3x + 4 


Your solution 


Bx aL 


Ax — 5) 12x2 = dix +10 
12x? — 15x 











4x + 10 
a) 
15 
ie la Oe 15 
4x —5 Ete ere 5) 
; ojatg clalstaie’ sfololareialeralalelstere = mista wielerates acestnealere stoisittelelotiecetraise sleaieis siewisciere siaemtewlstoetisies Ib ieviesvisicin's.s 0 ossiejeiela\ejeisieisis s wie sivine sie sis1s.o.s eveieia ofp cle Sew nia\c\eiovslals\e(esleleietaetate eeataaammaneeE 
~ Example 2 “You Try It 2 
3 3 2 
Gea . s 3X Ox — Oxia 2 
Divide: Divide: ————_"_ 
x+1 one = Il 
Solution Your solution 
x7- x+1 
x + 1)x3 + Ox2 + Ox +1 ® Insert zeros for 
x3 + x2 the coefficients of 
= KE Oe the missing terms. 
2 Bil ey 
xl 
Se ge Il 
0 
x el ; 
inte a dl 
esr il 
“Example 3 You Try It 3 
Divide: Divide: 


(2x4 = Tx? = 3x4 Ax = 5) = PA = 2 22) (3x4 = 11x32 + 16x? — 16x + 8) = G? — 3x 





Solution Your solution 
2x? — 3x + 1 
x? = 2x — 2) 2x4 = 7x3 + 3x2 + 4x —'5 
De ae A 
= 309 7x2 ax 
ie PON Ok 








(Qe — Txt Sar aS ee age 2) 


3 


= 2x2 — 3% oh | — ta 
; ; x — 24-2 


Solutions on p. S19 
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<p) 


To divide polynomials using synthetic division ba 





Synthetic division is a shorter method of dividing a polynomial by a binomial 
Ob the form x7 — a. 


=> Divide (3x7 — 4x + 6) + (x — 2) by using long division. 











Bye ae 2 
x —2)3x2 = 4x +6 
3x? — 6x 
De se @) 
D5 = Al 
10 
10 
(35 Ax 6) = (2) = 3 2 zs 
je = 2 


The variables can be omitted because the position of a term indicates the power 
of the term. 





3 2 
Spo: 6 
See’ 

2 6 
2 4 
10 


Each number shown in color above is exactly the same as the number above it. 
Removing the colored numbers condenses the vertical spacing. 


go 
-2)3 -4 6 
-6 -4 

2 0 


The number in color on the top row is the same as the one in the bottom row. 
Writing the 3 from the top row in the bottom row allows the spacing to be con- 
densed even further. 





=2 | 3 —4 6 
= =—4 
3 2 10 
co ee ee iy 
Terms of Remainder 


the quotient 


Because the degree of the dividend (3x2 — 4x + 6) is 2 and the degree of the di- 
visor (x — 2) is 1, the degree of the quotient is 2 — 1 = 1. This means that, 
using the terms of the quotient given above, the quotient is 3x + 2. The re- 
mainder is 10. 


In general, the degree of the quotient of two polynomials is the difference 
between the degree of the dividend and the degree of the divisor. 


By replacing the constant term in the divisor by its additive inverse, we may 
add rather than subtract terms. This is illustrated in the following example. 


360 Chapter 6 / Polynomials 


=> Divide: (3x3 + 6x2 — x — 2) + @ + 3) 


The additive inverse of the binomial constant 


Coefficients of the polynomial 























3 3 6 eal tes 
y 
3 ¢ Bring down the 3. 
=, 3 6 =a =) 
=9 e Multiply —3(3) and add 
3 =2 the product to 6. 
=a) 3 6 =I = 
ma 9 ¢ Multiply —3(—3) and add 
3 =3 8 the product to —1. 
=3 3 6 = ill =2 
=) 9 —24 e Multiply —3(8) and add 
s = 8 #26 the product to —2. 
Terms of Remainder 
TAKE NOTE the quotient 


Remember that you can 
check the answer to a 


ee The degree of the dividend is 3 and the degree of the divisor is |. Therefore, 
synthetic-division 

















problem in the same the degree of the quotient is 3 — 1 = 2. 
way that you check the 
answer to a long- 26 
division problem. Gx2cr 6x2 = — 2) 3 3x x a oa 
IE 
me Divide (2-5 2) ane) 
The additive inverse of the binomial constant 
Coefficients of the polynomial 
2; 2 0 =a 2 e Insert a 0 for the missing 
dh term and bring down the 2. 
2 
2 7 0 = Ys, 
4 © Multiply 2(2) and add the 
2 4 product to 0. 
2 2 0 {i 2s 
4 8 © Multiply 2(4) and add the 
) 4 7) product to —1. 
2 ia 0 =| P 
4 8 14 © Multiply 2(7) and add the 
2 4 i, 16 product to 2. 
nd 
Terms of Remainder 


the quotient 





(249 = £)Aa 2) Fi Cae 2) = Dar ia dal ae 5 
le 
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POPC C CHOSE HEHE ESTE ESSE ESHEETS ES EESES SEES EESESESESEE HEE SORE SO SESE SES ES SESES OSES FEFHESEEHEEESESESOSESESOH OTE EE EH EOEOSES ESE SE HEED HEH ESOS SEH SEH EE EES EEE HEE EE DEES 


Divide by using synthetic division: 
eon dx-) = (x — 1) 


Solution 
Arrange the coefficients in decreasing 
powers of x. 





) | Sa | 
Sie 2 
5 Dea tO 

9 

Rote ee set 2+ 


Pee: 5 


Divide by using synthetic division: 
Oy eae — 3x +12) = w+ 4) 


Solution 
A |, Al 3 12 
=§ ih =52 
At 0 
Qe 4x? — 3x + 12) + && + 4) 
40 
Ke 4 





= 2x? - 4 + 13 - 


Omer eee rere reer ee ee esse SESE eE SOS TEESESESESESESEHESEHHESTS ESOS HOSESES ESSE DEH EES 


Example 6 
Divide by using synthetic division: 
epee OX 2X 1) = (x + 2) 


Solution 
Insert a zero for the missing term. 


=BN® Oma 2 1 

=© [We Seeley 

ba 6 Ane 6k 
(ee 8-1 2x 4 1) (x + 2) 
13 


= 3x3 — 6x? + 4x —64+ 
X+2 





~ You Try It 4 


Divide by using synthetic division: 
Giese Oye = SEG se ce) 


Your solution 


Tee meee meee eee reese assesses ee EEE EH EO SEES ESTEE EHEHSEDESSESESHEHEEE SESS 


EYou Try It 5 
Divide by using synthetic division: 
(Gignac 2.) 


Your solution 


o cece cc ccccccccccccccsencccccccce cc ceceecesccecececcccccsescccccsccees 


“You Try It 6 
Divide by using synthetic division: 
(Wie = Sa” Sone 24) = (Ga ey) 





Your solution 


everceses 


eecccsece 


Solutions on p. S19 
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Objective C 


™ 
’ 





To evaluate a polynomial since a 

using synthetic division “o) WD a 

A polynomial can be evaluated by using synthetic division. Consider the poly- 
nomial P(x) = 2x4 — 3x3 + 4x2 — 5x + 1. One way to evaluate the polynomial 
when x = 2 is to replace x by 2 and then simplify the numerical expression. 





12460) =a — ene aa eee — ayae oh 


PO) 92 (2) 2) 2 (2) ae 
= (16)i= 73 (8) 4) at 
(32 — 24 > lop 107) 
= 15 


Now use synthetic division to divide (2x4 — 3x3 + 4x? — 5x + 1) by (& — 2). 


2 2 = 4 =o 1 
4 2 12 14 


2 1 6 7 5) 
Nee ne ad 
Terms of Remainder 


the quotient 


Note that the remainder is 15, which is the same value as P(2). This is not a 
coincidence. The following theorem states that this situation is always true. 








Remainder Theorem 


lf the polynomial P(x) is divided by x — a, the remainder is P(a). 


=™> Use the Remainder Theorem to evaluate P(x) = x4 — 3x? + 4x — 5 when 
== 2. 


ae value at which the polynomial is evaluated 


SS? 1 0 = 3) 4 =5 e A Ois inserted for the x? term. 
—2 4 —2 —4 


1 —2 1 2 —9<—— The remainder 


< pirat tee Fy oa, 4 : 

eeccee eee sey ebeegetensike genes uae ace aaa seceeceeee 

= a nl . 
7 . 


Yo ir sol lu ition 
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6.4 Exercises 


Objective A 





Divide by using long division. 


ir. 


11. 


13. 


Sis 


17. 


(ao 40) (ee — 5) 





eee) (x 3) 


(Oge 22 INES = Fy) eee a)! 


Orie an ee (20 1) 


(oe 9) (2% — 3) 








Gee hn (2x15) 


EO — sox 4 3x — 8x 
age se Al 





x? — 5x* + 7x — 4 
= 3 





16x? — 13x3 + 2x4 + 20 — 9x 





= 5 


10. 


12. 


14. 


16. 


18. 


Section 6.4 / Division of Polynomials 


Can 4) (2) 


Cena 8) aa 4) 


CE se ise — Me) (eon 2) 





(HS? = Shes Dy (Gee a 9) 





(64x + 4) = 4x + 2) 


(Cae = Meee 0) Cee iN) 


10 — 49x + 38x? — 8x? 





1 — 4x 


2x? — 3x7 + 6x + 4 





se a= {| 


x — x? + 52° 4+ 3x7 - 2 
RED 





363 


364 


Chapter 6 / Polynomials 


2x3 + 4x? -—x+2 











19. = 
Kat 26 — | 
a x? + 2x’ — 3x* — 6x +2 
feo == ee — II 
oy x" ue —4* +5 
ge ae Dee ae 8) 
Objective B 





25. 


P29 bs 


2) 


31. 


33: 


one 


Divide by using synthetic division. 


(Q72= 63) = (eal) 


(3x2 = 14% 4 16) = & —2) 


(2x3 — x2 + 6x + 9) + («4+ 1) 


CUR at i) a (2) 


(2x3 + 5x2 — 5x + 20) + & + 4) 


20. 


Pop 


24. 


26. 


28. 


30. 


32. 


34. 


36. 


3x? — 2x? + 5x — 4 
x?—-x+3 





peewee =e — vase || 
ese = SB 





xi + 2x3 -x +2 
a) 
R= 56 = I 





(Bate 19% 4 20) a) 


(At? = 230 28) 


(4x2 = 8) (2) 


(3x2 + 10x2 + 6x — 4) = @ 42) 


(12322 + a?) = & 13) 


(5x3 - 3x? = 17x 46) =e 2) 
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5 + 5x — 8x? + 4x° — 3x" 


37... 
— 38. 
cor de Bie magi ae Bhs oe 
39. 3x0 + 3x0 ax + 3x $2 40. 
x+1 
2x* — x* +2 
iq. aia 42. 
x 3 


Objective C 





Copyright © Houghton Mifflin Company. All rights reserved. 


Section 6.4 / Division of Polynomials 


3 = 13x — 5x? + 9x? — 2x4 


3 = # 


4x* + 12x? —x*-x+2 
ge de 





x* — 3x? — 30 
ge +e 2 


Adteeleethe polynomial 2x7 — 3x*°—4x—15 is divided by x—3 and the 
remainder is 0, what do we know about f(3) for the function 


ico 25° 3x — Ax 152 


44, 9If the polynomial 3x*— 8x*+2x+1 is divided by x +2 and the 
remainder is 13, what do we know about f(—2) for the function 


3x — 8x> 2 -F I? 


Use the Remainder Theorem to evaluate the polynomial. 


Ame) — 242 3x — I PB) 46. 
Adem (x) = x2 — 2x? + 3x — 1; RO) 48. 
AQMP (z= 227° — 427+ 3z— 1 P(—2) 50. 
Bim Zp) = 20° =p" + 3-23) 52. 


Q(x) = 3x? — Sx — 1; Q(2) 


FQ) 4 ee 2 3) 


ROYa= 6 te — 4 2 Rie) 


P(y) = 3y3 + 2y? — 5; P(-2) 
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53. O(x) = x4 + 3x3 — 2x2 + 4x — 9; Q(2) 54. Y(z) = 2 — 223 — 3z2 —z +7; Y(3) 
55. F(x) = 2x4 — x3 + 2x — 5; F(-3) 56. Ox) = x* — 2x3 + 4x — 2; O(-2) 
57. ee) = OES) 58. S@) = 4 57S 4) 

59. Rit) = 4 — 3 4 5; R(=3) 60; P(z) = 224 4 2 = 3; Pe4) 

61), OC) = 4a 2 oe — 22002) 62. Se ee) 
63. R(x) = 22° — x2 + 4a = 1: RE=2) 640 8PG)) =e eae el es) 


APPLYING THE CONCEPTS 

65. Divide by using long division. 
pe Be Oty x6 — ys 
ab Lory as y 








66. For what value of k will the remainder be zero? 


a. (x3 — x2 = 3x +k) + & + 3) b. (2x3 —x +k) + (« - 1) 
67. Divide. 
a. (2x3 + 7x? + 2x — 8) + (4x + 8) b. (4x3 + 13x? — 22x + 24) + (6x — 12) 


* 


c. (2x4 — 3x3 + 4x2 + %-—10) + @?=—x4+1) di ett 403 + 2x? — x + 5) ee? — 2x —3B) 


yy 68. Show how synthetic division can be modified so that the divisor can be of 
the form ax + b. 
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& Focus on Problem Solving 


Dimensional In solving application problems, it may be useful to include the units in order to 
Analysis organize the problem so that the answer is in the proper units. Using units to 
organize and check the correctness of an application is called dimensional 
analysis. We use the operations of multiplying units and dividing units in apply- 

ing dimensional analysis to application problems. 


The Rule for Multiplying Exponential Expressions states that we multiply two 
expressions with the same base by adding the exponents. 


x4 0 x6 = x46 = x10 


In calculations that involve quantities, the units are operated on algebraically. 


=» A rectangle measures 3 m by 5 m. Find the area of the rectangle. 
AV Wee oem) (ot) — (3-5) (tn) — al See 


The area of the rectangle is 15 m? (square meters). 


=» A box measures 10 cm by 5 cm by 3 cm. Find the volume of the box. 
Ve LW He =) Orem) (Seem) em) =. (0 -.55-93)(em-> em em) = 150em- 


The volume of the box is 150 cm? (cubic centimeters). 


=» Find the area of a square whose side measures (3x + 5) in. 


Asi Br 5) in Ge 5) in? =x 30K 25) in? 





The area of the square is (9x2 + 30x + 25) in? (square inches). 


Dimensional analysis is used in the conversion of units. 


The following example converts the unit miles to feet. The equivalent measures 








1 mi 1 mi = 5280 ft are used to form the following rates, which are called conversion 
5280 ft | 1 mi 5280 ft . 
factors: 5.5 fs and imi Because 1 mi = 5280 ft, both of the conversion factors 
1 mi A 5280 ft 1 1 
S30 f 224 Fini are equal to 1. 
: : : : 5280 ft 
To convert 3 mi to feet, multiply 3 mi by the conversion factor Spe 
= 3mi 5280 ft _ 3 mi -5280 ft 
Li L = _ eee = ee" = 3 - 5280 ft = 15,840 ft 
15,840 ft 3 mi=3mi i en laat 


There are two important points in the above illustration. First, you can think of 
dividing the numerator and denominator by the common unit “mile” just as you 
would divide the numerator and denominator of a fraction by a common factor. 





: 5280 ft . ee ; 
Second, the conversion factor is equal to 1, and multiplying an expression 


mi 


by 1 does not change the value of the expression. 
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In the application problem that follows, the units are kept in the problem while 
the problem is worked. 


sale 


In 2000, a horse named Fusaichi Pegasus ran a 1.25-mile race in 2.02 min. 
Find Fusaichi Pegasus’s average speed for that race in miles per hour. Round 
to the nearest tenth. 





d 
Strategy To find the average speed, use the formula r = where r is the 
speed, d is the distance, and ¢ is the time. Use the conversion 
60 min 
factor AT 


d 125 mie Zein 60 min 
f 2.02 mine 202min Wh 


- 75 mi 
202th 











Solution r= 





~ 37.1 mph 


Fusaichi Pegasus’s average speed was 37.1 mph. 


Try each of the following problems. Round to the nearest tenth. 


1. 


2: 


10. 


11. 


Convert 88 ft/s to miles per hour. 


Convert 8 m/s to kilometers per hour (1 km = 1000 m). 


. Acarpet is to be placed in a meeting hall that is 36 ft wide and 80 ft long. At 


$29.50 per square yard, how much will it cost to carpet the meeting hall? 


. Acarpet is to be placed in a room that is 20 ft wide and 30 ft long. At $32.25 


per square yard, how much will it cost to carpet the area? 


Find the number of gallons of water in a fish tank that is 36 in. long and 
24 in. wide and is filled to a depth of 16 in. (1 gal = 231 in»). 


. Find the number of gallons of water in a fish tank that is 24 in. long and 


18 in. wide and is filled to a depth of 12 in. (1 gal = 231 in?). 


1 
. A 7Z-acre commercial lot is on sale for $2.15 per square foot. Find the sale 


price of the commercial lot (1 acre = 43,560 ft?). 


. A0.75-acre industrial parcel was sold for $98,010. Find the parcel’s price per 


square foot (1 acre = 43,560 ft?). 


. Anew driveway will require 800 ft? of concrete. Concrete is ordered by the 


cubic yard. How much concrete should be ordered? 


A piston-engined dragster traveled 440 yd in 4.936 s at Ennis, Texas, on 
October 9, 1988. Find the average speed of the dragster in miles per hour. 


The Marianas Trench in the Pacific Ocean is the deepest part of the ocean. 
Its depth is 6.85 mi. The speed of sound under water is 4700 ft/s. Find the 
time it takes sound to travel from the surface to the bottom of the Marianas 
Trench and back. 


Copyright © Houghton Mifflin Company. All rights reserved. 


+ 


¥ 


yar aye 
Houghton Mifflin Com 


a 


Copyright co 


All rights reserved. 


pan 


na 


Chapter Summary 369 


a Projects and Group Activities 


Pascal's Triangle Simplifying the power of a binomial is called expanding the binomial. The expan- 
sion of the first three powers of a binomial is shown below. 


(a+b)! =a+b 





Point of Interest (a + b)? = (a+ b)(a + b) = a? + 2ab + b? 
Pa cal did not invent the 
triangle of numbers known as (a + b)? = (a +-b)2(a + b) = @ + 2ab + b2)(a + b) = a3 + 3a*b + 3ab2 + b3 
Pascal’s Triangle. It was known 
to mathematicians in China : 4 BEA Ae 3 
+ bjs. : ~ 
probably as early as A.D. 1050. sine! b) [Hint: (a + b) (a + b)%a + 6)] 
But Pascal’s Traite du triangle é : 
arithmetique (Treatise Find (a + b)°. [Hint: (a + b)> = (a + b)*(a + 5) 
Concerning the Arithmetical 
Triangle) brought together all If we continue in this way, the results for (a + b)® are 


the different aspects of the 


numbers for the first time. “ oe : 
é ie oN (a + b)§ = a® + 6a%b + 15a*b2 + 20a3b3 + 15a2b* + 6ab> + b® 


Now expand (a + b)§. Before you begin, see whether you can find a pattern that 
will help you write the expansion of (a + b)® without having to multiply it out. 
Here are some hints. 


1. Write out the variable terms of each binomial expansion from (a + b)! 
through (a + b)°. Observe how the exponents on the variables change. 


| 2. Write out the coefficients of all the terms without the variable parts. It will be 

ee 3 helpful to make a triangular arrangement as shown at the left. Note that each 

1 4 Ga 1 row begins and ends with a 1. Also note (in the two shaded regions, for ex- 

“ee i Ww 5s 1 ample) that any number in a row is the sum of the two closest numbers above 
mes 20 15° 6 «1 it. For instance, 1 + 5 = 6 and 6 + 4 = 10. 


The triangle of numbers shown at the left is called Pascal's Triangle. To find the 
expansion of (a + b)8, you need to find the eighth row of Pascal’s Triangle. First 
find row seven. Then find row eight and use the patterns you have observed to 
write the expansion (a + b)®. 


wre Pascal's Triangle has been the subject of extensive analysis, and many patterns 
have been found. See whether you can find some of them. You might check 
the Internet, where you will find some web sites with information on Pascal’s 
Triangle. 


WEB 


Chapter Summary 


Key Words A monomial is a number, a variable, or a product of a number and variables. The 
degree of a monomial is the sum of the exponents of the variables. [p. 329] 


An exponential expression is in simplest form when it is written with only positive 
exponents. [p. 332] 





e@oresseseeeseessooseesae 


A number written in scientific notation is a number written in the form : 


a X 10", where 1 = a < 10. [p. 335] 
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Essential Rules 


A polynomial is a variable expression in which the terms are monomials. A poly- 
nomial of two terms is a binomial. A polynomial of three terms is a trinomial. The 
degree of a polynomial is the greatest of the degrees of any of its terms. A poly- 
nomial in one variable is usually written in descending order, which means that 
the terms are arranged so that the exponents of the variable decrease from left 
to right. [p. 341] 


A polynomial function is an expression whose terms are monomials. A 
linear function is given by the equation f(x) = mx + b. A second-degree 
polynomial function, called a quadratic function, is given by the equation 
f(x) = ax? + bx + c, a #0. A third-degree polynomial function is called a cubic 
function. The leading coefficient of a polynomial function is the coefficient of 
the variable with the largest exponent. |p. 341 | 


The product of two binomials can be found using the FOJL method, which is 
based on the Distributive Property. The letters of FOIL stand for First, Outer, 
Inner, and Last. [p. 350] 


Synthetic division is a shorter method of dividing a polynomial by a binomial of 


the form x — a. This method uses only the coefficients of the variable terms. 
[p. 359] 


Rule for Multiplying Exponential Expressions EEO Ge ea All ail 
[p. 329] 


Rule for Simplifying Powers of 
Exponential Expressions [p. 330] (ar) ge 


Rule for Simplifying Powers of Products [p. 330] Cay) P) == Rye 


Definition of Zero as an Exponent [p. 331] Ifa OO. then x” =a 





Definition of a Negative Exponent [p. 332] x r= “ and aa — eu 
x #0 

Rule for Dividing Exponential Expressions [p. 333] - Fe cle tical) 
x 


Gale Pp reid 
Rule for Simplifying Powers of Quotients [p. 332] = =—,y#0 
’ y y 


The Sum and Difference of Two Terms [p. 351] (a+ b\(a — b) =a? — b? 
(a + b)? = a? + 2ab + b? 


The Square of a Binomial [p. 351] 


If the polynomial P(x) is 
divided by x — a, then the 
remainder is P(a). 


Remainder Theorem [p. 362] 


Dividend = (quotient x divisor) + remainder [p. 357] 


DMRS Seep ES SERS DECHD OS RORSERADOEOREROSCOCEEREOEOO SHORE HRREAEOCOEEESLESESESHCEOOAEHSSOSHS ARTO KE LEH ESSE SOHAL EDEOE SESS EH SEDESESEHOVSAVAS SSS SOL NESEES 
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11. 


v3: 


1S. 


© Chapter Review 


Multiply: (—2a2b*)(3ab?) 


meee (20d Cc?) 
BOY (5 3p2,niy4 


GivenP(%) = 24° =x > 7, find P(—2), 
Simpy, (2ee-y-2)( ax yz.°)* 


Graphix) = x2 + 1 





Use the Remainder Theorem to evaluate 
P(x) = x? — 2x? + 3x — 5 when x = 2. 


Multiply: 2ab3(4a? — 2ab + 3b?) 


Multiply: (5a — 7)(2a + 9) 


Chapter Review 


2. Simplitys(]3x2y*)2 


4. Write 2.54 <x 10-3 in decimal notation. 


Ga SUDIra Ct (Sie Sy cin a (ee VS) 


8. Multiply: (2a!*b3)(—9b7c°)(3ac) 


10. Identify (a) the leading coefficient, (b) the 
constant term, and (c) the degree of the 


polynomiallP(o i= 3x" = 3x7 4 7x: 8. 


12 Multiply eee) 


14. Multiply: (3y? + 4y — 7)(2y + 3) 


16. Write 0.000000127 in scientific notation. 


312 


(bre 


19: 


24. 


23. 


ZS: 


27. 


P43) 


30. 


31. 


a2, 


33; 











Chapter 6 / Polynomials 
(sp eS > | 
Simplify(Gy — 7) 18. Divide: ea 
3 4+ 27x? + 10x + 2 eA 
Divide: a a ee 20. Divide: = 
x 1 © x4 
: : fi ; . _. —18a*%b 
Write 8.1 10° in decimal notation. 22. Stn py ee 
27a°b 
Multiply: (5a + 2b)(5a — 2b) 24. Use the Remainder Theorem to evaluate 
P(x) = —2x3 + 2x2 — 4 whenx = —3. 
Adds(12y24s 17 —="4) a(Oy2 =a sy 3) 26. Multiply) (6b? 2b" 2) 2n2 a) 
Multiply: (a + 7)(a — 7) 28. Write 765,000,000,000 in scientific notation. 


The length of a Ping-Pong table is 1 ft less than twice the width of the table. 
Let w represent the width of the Ping-Pong table. Express the area of the 
table in terms of the variable w. 


The most distant object visible from Earth without the aid of a telescope is 
the Great Galaxy of Andromeda. It takes light from this galaxy 2.2 x 10° 
years to travel to Earth. Light travels about 6.7 x 10° mph. How far from 
Earth is the Great Galaxy of Andromeda? Use a 365-day year. 


Write the number of seconds in one week in scientific notation. 


* 


The length of a side of a square checkerboard is (3x — 2) in. Express the 
area of the checkerboard in terms of the variable x. 


The length of a rectangle is (5x + 3) cm. The width is (2x — 7) cm. Find the 
area of the rectangle in terms of the variable x. 


5x +3 


2x -7 
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11. 


13. 


a Chapter Test 


Multiply: 2x (2x2 heal 


Dee 
Simplify: =a 


Divide: (x2 + 1) + @+ 1) 


Simiplity: (—24a2b)? 


Multiply: (a — 2b)(a + 5b) 


DIGG SE lesa — JO = (Ge — 18) 


Milby xe x? —-7)(2% <3) 


10. 


123 


14. 


Chapter Test 373 


Use the Remainder Theorem to evaluate 
P@) = 49-44 — 8 when x = —2. 


Simiplity: (2ey-)\(Gx-y7) 


Marltiplys @ 93) G2 = 4x == 5) 


(3x ay) 
35 ye 


Simplify: 


Given P(x) = 3x2 — 8x + 1, evaluate P(2). 


Multiply; 37-2)" oy 0) 


Simplify: (4v — 3)(4y + 3) 
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: erase conga) 
15. Simplify: (ab7)(a*b°) 16. Simplify: Sais 
eae , 
17. Simplify: Ss 18. Subtract: Ga? — 2a — 7) — Ga? 2G) 
ae 
3 2x? — 5x47 
19, Simplify; Ox — 5) 20. Divide: = zs x 
ge ar 3 
21. Multiply: (2x — 7y)(5x« — 4y) 22. Add: (3x3 — 2x2 — 4) + (8x? — 8x + 7) 


23. Write 0.00000000302 in scientific notation. 


24. The mass of the moon is 3.7 X 10-8 times the mass of the sun. The mass of 
the sun is 2.19 X 1027 tons. Find the mass of the moon. Write the answer in 
scientific notation. 


ra 


25. The radius of a circle is (x — 5) m. Use the equation A = mr, where r is the 
radius, to find the area of the circle in terms of the variable x. Leave the 
answer in terms of 77. 
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11. 


13. 


15. 


ie 


19: 


@ Cumulative Review 


Lene 68, —3, 3}. For what values of x is 
the inequality x = —3 a true statement? 


Simplify: 8 





As) — [ail Whee 


Simplify: —5V 300 





Sumplity: 20 — 4[x = 2 = 23x) +4] 





Solve: 8x — 3 


ively) — 31> — 2% - 2, tind PE 2). 


Find the slope of the line containing the 
points (—2, 3) and (4, 2). 


Find the equation of the line that contains 
the point (—2, 4) and is perpendicular to the 
line 3x + 2y = 4. 


Solve by the addition method: 
cee 2 =U. 
Gah tty Oneal f 
ah DV 2lv— > 


II 


Maoltiply.(24" 3) (2x° — 3x4) 1) 


10. 


12: 


14. 


16. 


18. 


20. 


Cumulative Review 375 


Find the additive inverse of 83. 


Ag) = 


5 De dWenon 22th 5 —2,andc = 6. 


Cc 





Evaluate 


Identify the property that justifies the state- 
eae Lee > = eel) 0, 


Solves3i (20932) — 2 


Is the relation {(—1, 0), (0, 0), (1, 0)} a function? 


Find the equation of the line that contains 


the point (—1, 2) and has slope —5. 


Solve by using Cramer's Rule: 
26 —¥ Sy" 2 
XV 


Simplify: =24 = (=2y) 4. i= aay 


Write the number 0.00000501 in scientific 
notation. 


376 


mie 


23. 


Pays 


PAT 


28. 


Pe) 


30. 


31. 


32, 


33: 
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Graph: 3x — 4y = 12 22. Graph 34, 2y <0 
i y 
af af 
2 2 
> X =X 
S70 = 3H 10 DEA =4) 120 me 
=, =2 
=4 -4 
Solve by graphing: 24. Graph the solution set: 
Leyes 2G ry ee) 
2 yl Sa —=OX > 3Vi==0 
y y 
i\ Ah 
4 
4 
Z 2 
= > 
Avie 2 NG 214 WED AOD. 24 
—7) =) 
-4 
4 
Care 


Simplify: (4a~*b?)(2a3b~!)~? 26. Simplify: 


viz? 
The sum of two integers is twenty-four. The difference between four times 
the smaller integer and nine is three less than twice the larger integer. Find 
the integers. 


How many ounces of pure gold that costs $360 per ounce must be mixed 
with 80 oz of an alloy that costs $120 per ounce to make a mixture that 
costs $200 per ounce? 


Two bicycles are 25 mi apart and traveling toward each other. One cyclist is 
traveling at 1.5 times the rate of the other cyclist. They meet in 2 h. Find the 
rate of each cyclist. 


If $3000 is invested at an annual simple interest rate of 7.5%, how much 
additional money must be invested at an annual simple interest rate of 10% 
so that the total interest earned in one year is 9% of the total investment? 


The graph shows the relationship between the distance traveled 
and the time of travel. Find the slope of the line between the two 
points on the graph. Write a sentence that states the meaning of 
the slope. 





Distance (in miles) 


The width of a rectangle is 40% of the length. The perimeter of the 
rectangle is 42 m. Find the length and width of the rectangle. 


The length of a side of a square is (2x + 3) m. Find the area of the 
square in terms of the variable x. 





Time (in hours) 
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Chapter 


Objectives 


? 


Section 7.1 


A To factor a monomial from a polynomial 
B_ To factor by grouping 


Section 7.2 


A To factor a trinomial of the form x2 + bx +c 
B_ To factor completely 


Section 7.3 
A To factor a trinomial of the form ax? + bx +c 
by using trial factors 


B. To factor a trinomial of the form ax2 + bx + c 
by grouping 


Section 7.4 


A To factor the difference of two perfect squares 
or a perfect-square trinomial 


B. To factor the sum or the difference of two 
cubes 


C To factor a trinomial that is quadratic in form 
D_ To factor completely 


Section 7.5 


A To solve equations by factoring 
B To solve application problems 


wiWe Need help? For on-line student resources, such as section 


quizzes, visit this textbook’s web site at 
college.hmco.com/students. 


‘WEB 


Factoring 





Coordinating the position of each skydiver in a jump involves 
a lot of careful planning. Position within the “pattern” is 
determined by when and where each chute is deployed, 
which is further dependent upon each diver's velocity during 
free fall. Factors such as the initial altitude of the jump, the 
size of the parachute, and the weight and body position of 
the diver affect velocity. The velocity of a falling object can 
be modeled by a quadratic equation, as shown in 

Exercises 72 and 73 on page 417. 


7 eeeesesenesereses eoeceseoeseseses e@eceoeeereesesseoese eoreos Cees eeeseeeeeseeeeeeeseeeese 
. 


vh 


ness 











1. — as a product of prime numbers. 2. Simplifyss3G4Gy— 5) 

Se sSumplitvye (a 0) 4. 2(a—b)—5(a—b) 

5. Solve: 4x = 0 6. Solve: 2x +1=0 

7. Multiply: (« + 4)@ — 6) 8. Multiply; 2x — 5)\Gx +4 2) 
9. Simplify: a 10. Simplify: oe 







Find the values of x and y if x + y, xy, and 5 all equal the same number. 
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i TAKE NOTE 

| 2x? + 10x is a sum. 

i 2x(« + 5) is a product. 
| When we factor a 

_ polynomial, we write it 
as a product. 


} TAKE NOTE 
At the right, the factors 
in parentheses are 
determined by dividing 
each term of the tri- 
nomial by the GCF, 5x. 





Common Factors 


To factor a monomial from a polynomial 


The greatest common factor (GCF) of 
two or more monomials is the product 
of the GCF of the coefficients and the 
common variable factors. 


Note that the exponent of each variable 
in the GCF is the same as the smallest 
exponent of that variable in either of the 
monomials. 


=» Find the GCF of 12a*b and 18a?b2c. 


The common variable factors are a? 
and b; c is not a common variable 
facto 


To factor a polynomial means to write 
the polynomial as a product of other 
polynomials. 


Section 7.1 / Common Factors 379 








ie GORion 6 y and.ox2) 715 26-y: 


(Qa7b—32 Sera 
mi 333+ G 


18a2b2c 


Dine 


2 
GCF = 2-3-a?-b= 6a*b 


bo Multiply <——_, 


Polynomial = 
ae ao Ose 


he Factor ——— 


Factors 
2h) 
A. 





In the example above, 2x is the GCF of the terms 2x? and 10x. It is a common 


factor of the terms. 


=> Factor: 5x? — 35x? + 10x 


Find the GCF of the terms of the polynomial. 


Roa | ok Bore = De Io ae” 
The GCF is 5x. 


iL One eae 


Rewrite the polynomial, expressing each term as a product with the GCF as 


one of the factors. 


5x3 — 35x2 + 10x = 5x(x2) + 5x(—7x) + 5x(2) 


= 5xi(x* = 7x -- 2) 


e Use the Distributive Property 
to write the polynomial as a 


product of factors. 
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Example 1 a Try It 1 
Factor or a e2ry Factor: 14a? — 21a‘*b 
Solution Your solution 


The GCF is 2x. 


8x2 + 2xy = 2x(4x) + 2x(y) 
= 2x(4x + y) 


/ Example 2 he Try It 2 
Factor: n3? — 5n? + 2n Factor: 27b2 + 18b + 9 
Solution Your solution 


The GCF is n. 


n> — 5n2 + 2n = n(n2) + n(—5n) + n(2) 
Ge = Sih V2) 


| 


lI 


x 

fexemipie 3 You Try It 3 
Factor: oxy oxy" a2 Factor: 0%0y29— Ox y= bey 
Solution Your solution 


The GCF is 4x7y. 


NG roa? — 2 
= 4x2y(4) + 4x2y(2x2y) + 4x2y(—3x2y4) 
= Anya 4: 2x*y — 3x2y7) 


Example 4 Ke Try It 4 
BActori ccs? ax.” Factor: a" +4 + a? 
Solution Your solution 


The GCF is x3". 


xc" = 2x3n = x3"(x21) = x32) 
= xB (2H = 2) 


Solutions on p. S20 
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ys PS, x Why 
ay) | Oo) NAN / 
1) aD wy \ 
TUTOR WEB SSM 


In the examples at the right, the binomials in 2a(a + b) 
parentheses are called binomial factors. 3xy(x — y) 


The Distributive Property is used to factor a common binomial factor from an 
expression. 


The common binomial factor of the expression 6x(x — 3) + y2(x — 3) is (x — 3). 
To factor that expression, use the Distributive Property to write the expression as 
a product of factors. 


Ora: == Shae Nees = 3) ica Sesion =) 
—— SS ——— 


| | i 





Consider the following simplification of —(a — b). 
-a—b)=-l(a-b)=-a+b=b-a 


Thus, b-—a=-(a-—b) 


This equation is sometimes used to factor a common binomial from an 
expression. 


= Factor: 2x — y) = sy — x) 


Si =1hx— vil 
B(x = Vj) 


26 (Kay) Sy = 2X ay) = Ge aay) © 5(y — x) 
=e (OG. 33) | Wee =) | 


Some polynomials can be factored by grouping terms in such a way that a 
common binomial factor is found. 


=> Factor: ax + bx — ay — by 


Gee ae (aye = ean = leh) = (owe Je les) = UGh ae (en) © Group the first two terms and 
the last two terms. Note that 
—ay — by = —(ay + by). 
=x(a +b) —y@-+ b) e Factor the GCF from 
(Ge Gey) each group. 


II 


=> Factor: 6x? — 9x — 4xy + 6y 


6x? — 9x — Axy + 6y = (6x2 — 9x) — (4xy — 6y) © Group the first two terms and 
the last two terms. Note that 
—4xy + by = —(4xy — Gy). 
= 3x(2x — 3) — 2y(2x — 3) © Factor the GCF from 
= 25 — 33x — 2y) each group. 
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Oe eee eee were eee esse sees eH esse SSE E TEESE H HOS HSOEESSseTSSEHHesesees 


» Example 5 
Factor: 4x(3x% — 2) = 7x = 2) 


Solution 
4x(3x — 2) — 7(3x — 2) 


=(34— 2 A0— 7) 


ee merece ewes eee ee eee seer ese se ees TEE H FSS SEESESES SESH HHH SE HESS OHSS OD 


lexample 6 
Factor) 9x77 —15%8— oxy + 107 


Solution 

O47 15x Oxy al Oy 
— (97> = 15x) = (Gay = LOy) 
=~ Shdeyca oi) = Pee = sy) 
= (Sie = ayers — 2A) 


“Example 7 
Factoregx-), 40 —al oxo 20 


Solution 

Saye lox 20 
= (Crys a) alee, = 0p) 
= x(3xy — 4) — 5(3xy — 4) 
= (3xy — 4)(x — 5) 


Pee mmm e meme ee eee eee EEE EES TED SEE EEE EEE EEH TEESE EES SESEEE HOSE EES OS® 


fee srapis 8 
Factor: 4ab — 6 + 3b — 2ab? 


Solution 

4ab — 6 + 3b — 2ab? 
= (4ab — 6) + (3b — 2ab?) 
= 2(2ab — 3) + b(3 — 2ab) 
= 2047 — 3) —b( 2a 3) 
= (2ab = 3)(2 — bd) 


rrerrrrerees Terrrrerer rere ee 


: ‘You Try It 5 
Factor: 2 (S12) (2, = 5%) 


Your solution 


POCO e SEE HOES POEHHH SHEESH SETHE SEE SESESSESSESEEEHESHESEHEEHSEESEEEEEEEEOSEHSESESSEESESEE ESSER SES 


You Try It 6 
Factor: a? — 3a + 2ab — 6b 


Your solution 


Pee m eee ee eee POSES ESO E aE OEE HEH TES ESS OES SESE SESE EE ESESEESEESEEEESHSESSSSSESSESSESSSE SOO SOSS 


“You Try It 7 
Factor: 2mn2 — n + 8mn — 4 


Your solution 


ba Try It 8 
Pactors3%y) — OV ael2 as 


Your solution 


Solutions on p. S20 
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7.1 Exercises 


Objective A 
Factor. 
od +} De 
6. 16a — 24 Le 
iieeroa. + 5a> 12: 
tomesy — Oy 17. 
Dee XY 22s 
Zomeeox 6 Ox + 9x 
Smee Ox — 14x 
amex oy — 3x-y? + 7xy? 
ayes? + Ob? — 12b 
a0 eae xt 
A seme yet 


Ti Ti 


A0Qa = © 


Ox — 5x? 


10x* — 12x? 


a*b2 + ab 


Qiks 


Bh te) tee 

8.- 20b + 5 
(3 ae14y7 eld 
82 9124233242 
23 ye Oy, 


Sy = 0 2 ay 


313i = Oyo 24y 


353 


38. 


41. 


44. 


2a*b — 5a2b2 + Tab? 


3a2b2 — Yab2 + 15b2 


2a aL qe 


qen +2 ae az 


14. 


19: 


24. 


Section 7.1 / Common Factors 


1D ees 2 ye 


(50 = B50 


OD? =sob2 


8a® — 4a° 


12a2b> — 9ab 


28. 2x4 — 4x3 + 6x2 29. 


383 
5. 8x 4 12 
10.) 1232 = 53, 
15. 92x4 —4% 
202 Oye acy! 
Plate. ES) = FBV 
BV Oy OY 


6a° — 3a3 — 2a? 


320 2) — Bye I? 33. 


36. 


39. 


42. 


45. 


Syz ie Ovens 257, 


eRe EE aR 


x3n ==. xen 


prt+s — bP 
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Objective B 





Factor. 


46. x(b + 4) + 3(b + 4) 47. ya+z)+7@ +z) AS. aly =x) = bly =) 


49. 3r(a — b) + s(a — dD) 50. — 2a ya) 51. t(m—7)+77-—m) 


S22 xh = De i Dae) 53. 2y(4a — b) — (b - 4a) 54. 8c(2m — 3n) + (3n — 2m) 


55. 424+ 2x + lay + 4y 56, 32 — 3x a 4ax%e— 120 Wh ae = hi Bak ooh 


Bee ee Oh ye 2S 59. ab + 6b — 4a — 24 60; xy = 5y — 2% + 10 





612 a G20 2)7 tl Oven (ty oe 63. 82 — 121y > 147 iy 
64. 21x? + 6xy — 49x — 14y Chen Ae — ere yay ae dleyy 66. 4a? + 5ab — 10b — 8a 
61a y = OY 109 68. 247 a —2t = a4 095 3XVe= Vo Va oe 


10, 266 — 307 3) "2a Tee OSE ee Geet OS 72. 4x2 => 3xy— 1 2y ales 


APPLYING THE CONCEPTS 


73. Awhole number is a perfect number if it is the sum of all of its factors less 
than itself. For example, 6 is a perfect number because all the factors of 6 
that are less than 6 are 1, 2, and 3,and1+2+3=6. 

a. Find the one perfect number between 20 and 30. 
b. Find the one perfect number between 490 and 500. 


“ 


74. Write the area of the shaded portion of each diagram in factored form. 


a b. — c. > 4 
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Factoring Polynomials of the 
Form x? + bx +¢ 


/ e 2 
(jini To factor a trinomial of the form x2 + bx + c 








Trinomials of the form x? + bx + c, where ne 8x 12:b = 8, c= 12 
b and c are integers, are shown at the xe — Do + 12:b = —7,c = 12 
right. ie Co 5 


To factor a trinomial of this form means to express the trinomial as the product 
of two binomials. 


Trinomials expressed as the product of bi- Oi ween) (er ee,) 
nomials are shown at the right. = The qe aes =e Ge 2) 
Co ee | — (ea 3) 


The method by which factors of a trinomial are found is based on FOIL. Con- 
sider the following binomial products, noting the relationship between the 
constant terms of the binomials and the terms of the trinomials. 


(x + 6) += 2) = x2 + 2x + 6x + (6)Q)= x2 + 8x + 12 


sum of 6 and 2 
The signs in product of 6 and 2 
the binomials 
are the same. 





(Ge — 2G ae le Bee ee (y  e es oe Ie 
sum of —3 and —4——____I__ 
product of —3 and —4 








(Ge sce —S)) Shs see sR se) mG ee oom IES) 
sum of 3.and —5—=—___- I 
The signs in product of 3 and —5 
the binomials 
QUE OY TENE: (x — 4)@ + 6) = x? + 6x — 4x + (-—4)(6) =e ae Je 


sum of —4 and a ae ee 


product of —4 and 6 





IMPORTANT RELATIONSHIPS 


1. When the constant term of the trinomial is positive, the constant terms of 
the binomials have the same sign. They are both positive when the coeffi- 
cient of the x term in the trinomial is positive. They are both negative when 
the coefficient of the x term in the trinomial is negative. 

2. When the constant term of the trinomial is negative, the constant terms of 
the binomials have opposite signs. 

3. In the trinomial, the coefficient of x is the sum of the constant terms of the 
binomials. 

4. In the trinomial, the constant term is the product of the constant terms of 
the binomials. 


386 Chapter 7 / Factoring 


= Factor: x? — 7x + 10 


Because the constant term is positive and the coefficient of x is negative, 
the binomial constants will be negative. Find two negative factors of 10 whose 
sum is —7. The results can be recorded in a table. 





e These are the correct factors. 


ee 7k LO = 2) =) ¢ Write the trinomial as a product of its factors. 







<< Check 2) ct) a a ee 1) e Check the proposed 
TAKE NOTE = x2 — 7x + 10 factorization by multiplying 





Always check your 
proposed factorization to 
_ ensure its accuracy. 


the two binomials. 
= Factor: x2 — 9x — 36 


The constant term is negative. The binomial constants will have opposite 
signs. Find two factors of —36 whose sum is —9. 


e Once the correct factors are found, it is 
not necessary to try the remaining 
factors. ‘ 





OO 3 Ot (ee) (ee) e Write the trinomial as a product of 
its factors. 
™ Factor:.x* + 7x +8 





Because the constant term is positive and the coefficient of x is positive, the 
binomial constants will be positive. Find two positive factors of 8 whose 
sum is 7. 





There are no positive integer factors of 8 whose sum is 7. The trinomial 
x2. + 7x + 8 is said to be nonfactorable over the integers. Just as 17 is a 
prime number, x? + 7x + 8 is a prime polynomial. Binomials of the form 
x —aandx + a are also prime polynomials. 


¥ to ’ $e - rf vu fel } 7 cz. ja 8 , one 7 e a pe ee c 
” naeenacesscccenscsnccennssecseesssccncscscesesssssnssscnseseeeeeeeees see eeene. 7 sansrsrnecscenr inc csvouieaiotin ts Sta aaa means 
me ia’ ute - . ‘a P 


‘ko 


- 


Td’ I 
sum i 
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Example 2 


Factor: x? + 6x — 27 


Solution 





You Try It 2 
Factor: x2 + 7x — 18 


Your solution 


© Find two factors of 
—27 whose sum is 6. 


x? + 6x — 27 = (x — 3)\(x + 9) 


Objective B To factor completely 


TAKE NOTE 


The first step in any 
factoring problem is to 
determine whether the 
terms of the polynomial 
have a common factor. 
_ If they do, factor it 

_ out first. 


aemiaanOte Se tae Nea SEIT ALENT 


CO RNR 


Themscesmssvacesaenanonnnammsromssenentaconooneensexeansss 


pestoscozences 


| TAKE NOTE 
| 2y and 10y are placed in 
the binomials. This is 
necessary so that the 
middle term contains xy 


eee som ET 


and the last term 
| contains y?. 





f 
- 


Solution on p. S20 





A polynomial is factored completely when it is written as a product of factors 
that are nonfactorable over the integers. 


=> Factor: 4y? — 4y? — 24y 
4y3 — 4y? — 24y = ¢ The GCF is 4y. Do this 
step mentally. 
e Use the Distributive Property 
to factor out the GCF. 
e Factor y? — y — 6. The two 
factors of —6 whose sum is 


—1 are 2 and —3. 


eS ee ee eel 


It is always possible to check the proposed factorization by multiplying the 
polynomials. Here is the check for the last example. 
Check: 4y(y + 2)(y = 3) = 4962 — 3y + 2y — 6) 

SES 9h IG) 


= 4y3 — 4y? — 24y e This is the original polynomial. 


=> Factor: 5x? + 60xy + 100y? 


ee 


5x2 + 60xy + 100y? = : 5(x?) ae MUZE) ae 5(20y2) | e The GCF is 5. Do this 
fh pia St ge ice Deen Reta sera step mentally. 
= (xen i 2xy i 20) ¢ Use the Distributive Prop- 
erty to factor out the GCF. 
= 5(x + 2y)@ + 10y) e Factor x* + 12xy + 20y’. 


The twe factors of 20 
whose sum is 12 are 2 
and 10. 


Note that 2y and 10y were placed in the binomials. The following check shows 
that this was necessary. 
Check? S(@ 4 2y) (a 10y) = 5G2"> 10xy + 2xy + 20y7) 

= (x ai cay + 20y7) 


= 5x2 + 60xy + 100y2 @ The original polynomial 
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Factor: 15 — 2x — x? 


Because the coefficient of x? is —1, factor —1 from the trinomial and then 


TAKE NOTE ; ; . ee cee é 
write the resulting trinomial in descending order. 


When the coefficient of 


the highest power in a LS = 2 See (er 2X, =. 15) e115 — 2x — x? = —1(—15 + 2x 
polynomial is negative, ’ 


: = —(x? + 2x — 15) 
consider factoring out a 5 
negative GCF. = —(Gese ‘ie — sy © Factor x2 + 2x — 15. The two 
Example 3 below is factors of —15 whose sum is 
another example of this 
' : 2 are 5 and —3. 
echnique. 
(Giese ee ae SNP = SS SS ae de = ANS) 
= =e hae 1S 
al Sem 2 awe © The original polynomial 
Example 3 You Try It 3 
Factor: —3x3 + 9x2 + 12x Factor: —2x3? + 14x? — 12x 
Solution Your solution 
The GCF is —3x. 
—3x3 + Ox? + 12x = —3x(x? — 3x — 4) 
Factor the trinomial x? — 3x — 4. Find 
two factors of —4 whose sum is —3. 
Factors Sum 
=) 22) 0 
Seley =e) =3) 
= 357 -§ O77 12 = xe ie = 4) 
Example 4 You Try It 4 
Factor: 4x? — 40xy + 84,2 Factors 3x76 Oxy. 22 
Solution Your solution 


The GCF is 4. 
4x? — 40xy + 84y? = 4(x2 — 10xy + 21y?) 


Factor the trinomiual x*— 10xy + 21y2. 
Find two negative factors of 21 whose - 
sum is —10. 


Factors Sum 
—1, -—21 —22 
Sole —10 


4x* — 40xy + 84y? = 4 — 3y)(« — Ty) 


Solutions on p. S20 
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7.2 Exercises 


Objective A 


Factor. 


ile 


13: 


ie 


ZA: 


2: 


29: 


33: 


Si? 


x? + 3x +2 


az#+a-—12 


ata-2 


b2 + 7b -— 8 


hay + 6 


fo 127— 160 


x2 + 20x + 100 


ee LIK = A 


y2 — 14y — 51 


ga By 32 


10. 


18. 


ee 


26. 


30. 


34. 


38. 
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+ 5x t= 6 
G? agra 5 
Ce — ING) 
Se =e) 
pie tes) a dhe 
(Qe PO — 35 
Ae Sixes Sl 
fe ache = FA0) 
ean he 12 
VF = Oye Ol 


11. 


15. 


19. 


23. 


Cpe Coen) 

a= =134 12 
eee OS) 
y? + 6y — 55 


z= 14¢ + 45 


p? + 12p + 27 


b* + 9b + 20 


b2— b — 20 


pas 4p — 21 


tee 2028 75 


12. 


16. 


20. 


24. 


28. 


62. 


36. 


40. 


Lex = 6 

OG 54 4 
Oe a SOLO 
AEA 
z— 142 + 49 
p? — 6p +8 


b2 + 13b + 40 


b2 + 3b — 40 


Die LOD ease 


pp? 2494-63 


390 


41. 


45. 


49. 


53: 


Swe 


61. 


G5: 


69. 


Chapter 7 / Factoring 


Spy hoes ap ole 
G22 la 2 
hale Fie ah FS KS) 
2+ 152+ 44 
fee tee 2 OYE 
bP 8p 105 
a= = 8ey 32 (NOY 


x? + 25x + 156 





Objective B 


Factor. 


Loe 


76. 


pick 


2x2 + 6x + 4 


12 — 4x — x? 


y= Sr Ge 


42. 


46. 


50. 


54. 


58. 


62. 


66. 


70. 


x? + 21x + 38 


a2 — 7a — 44 


+ 


14z — 147 


NX 


p2 + 24p + 135 


xo 10% — 75 
beep ae 
bo 200 126 
2 xe, 00 


43. 


47. 


51. 


=e) 


ae) 


63. 


67. 


“A. 


a2 


a2 


in) 


Xx 


74. 3x2 + 15x + 18 


77. ab* + 2ab — 15a 


SO. fey? Sxy x 


ap Re = 56 


= Sy sr SC 


=e = VW 


t+ 19c =F 34 


22x 2 


= Oi = 36 


a LI ele 


= 10396 


44. 


48. 


D2. 


56. 


60. 


64. 


68. 


1% 


TRY 


78. 


81. 


x2 + 5x — 36 
a? — 21a + 54 
c2 — 3c — 180 


c2 + llc + 18 


x2 + 21x — 100 


a? + 42a — 135 


z2 + 242 + 144 
x? + 9x — 112 
18 + 7x — x? 


ab? + Tab — 8a 


z> — 7z2 + 12z 
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82. 


85. 


88. 


91. 


94. 


eis 


100. 


103. 


106. 


109. 


112. 


ley. 


2a — 6a? = 4a 


3x2 + 3x — 36 


e728 12z — 90 


Gee xy + OV 


a* — 15ab + 50b2 


y? — 15yz — 412? 


z4 + 223 — 802? 


Bye 26y) — 96y2 


—x4 + 11x34 12x? 


c3? + 18c? — 40c 


eo Ory 1 Sy" 


year 4yz = 212? 


83. 


86. 


89. 


92. 


95. 


98. 


101. 


104. 


107. 


110. 


113. 


116. 


Section 7.2 / Factoring Polynomials of the Form x? + bx + c 391 


= yer Joye aley 


D2 Ax 


2a? + 8a2 — 64a 


et dey = 2 hyA 


oh Oy 


TROON OZ. 


<< 
b 


bY 2b W202 


3y4 + 54y3 + 135y? 


4x*y + 20xy — 56y 


—3x3 + 36x? — 81x 


VK a OX 


ye SyZ 4 127 


84. 


87. 


90. 


93. 


96. 


Sieh 


102. 


105. 


108. 


111. 


114. 


117. 


Aver tye 7 2y 


Za loz — 140 


3a3 — 9a2 — 54a 


Ne 


= 9ab + 20b2 


s? + 2st — 48f2 


He ATER Coy 


bE 3b? 1 0b 


Met MeO 


yeti (Oh uih — clay! 


—An? = Axes 24% 


a = Babe 4202 


ye el Gym loz 


sue Chapter 7 / Factoring 


118.) 3x4Vi-p 6025,— 689 119% Ay — ocxy = /Zy 120. 
121 eae eel OG 122 rae ieee 22 123. 
(2A on 12x 125., 5x27 30x2 — 40x 126: 
127. 4p? — 28p — 480 128. pos 9p? 2306p 129: 
130. = 12s 35s% 31. a? = 10ab 4 2502 132. 
133. x7 4a = 00y- 134.0 5x2 = 30% = 4047 135. 
APPLYING THE CONCEPTS 

Factor. 

136524 eee Oe 1372. Ay = Ory — Say 138. 


Find all integers k such that the trinomial can be factored over the integers. 


1397 ee ke 5 140. x7 +kx + 18 141. 


Determine the positive integer values of k for which the following polynomials 
are factorable over the integers. 


142. y7+4y +k 14350 2 ek 144. 


“ 


145. c?-—Tco+k 146. x*2-—3x+k 147. 


148. In Exercises 142 to 147, there was the stated requirement that k > 0. If 
k is allowed to be any integer, how many different values of k are possi- 
ble for each polynomial? 


3x3 + 3x? — 36x 


5z3 — 50z2 — 120z 


5p? + 25p — 420 


jhe ae joo a 56p? 


a* = 8ab = 337 


6x? — 6x2 — 120x 


45a? + a*b? — 14a*b 


6 ote ae A 


a*—6a+k 


yer Sy +k 
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Factoring Polynomials of the 
Form ax? + bx + ¢ 


To factor a trinomial of the form VIDEO 
ax? + bx + cby using trial factors eer) 








/.3 


et Wee 


» 


345-4 a= 3.b= —le=4 
6x24 2% — 35a = 6,b = 2 c= —3 





Trinomials of the form ax? + bx +c, 
where a, b, and c are integers, are 
shown at the right. 





These trinomials differ from those in the previous section in that the coeffi- 
cient of x* is not 1. There are various methods of factoring these trinomials. 
The method described in this objective is factoring polynomials using trial 
factors. 


To reduce the number of trial factors that must be considered, remember the 
following: 


1. Use the signs of the constant term and the coefficient of x in the trinomial 
to determine the signs of the binomial factors. If the constant term is posi- 
tive, the signs of the binomial factors will be the same as the sign of the co- 
efficient of x in the trinomial. If the sign of the constant term is negative, 
the constant terms in the binomials have opposite signs. 


2. If the terms of the trinomial do not have a common factor, then the terms 
of neither of the binomial factors will have a common factor. 


= Factor: 2x2 — 7x + 3 


The terms have no common factor. 
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The constant term is positive. The 
coefficient of x is negative. The bino- 
mial constants will be negative. 


Write trial factors. Use the Outer 
and Inner products of FOIL to deter- 
mine the middle term, —7x, of the 
trinomial. 


Write the factors of the trinomial. 


Factor: 3x2 — 8x + 4 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is negative. The bino- 
mial constants will be negative. 


Write trial factors. Use the Outer 
and Inner products of FOIL to deter- 
mine the middle term, ~—8v, of the 
trinomial. 


Write the factors of the trinomial. 


Positive 
Factors of 2 
(coefficient of x?) 


lee 


Trial Factors 


Gon 3) 
(x — 3)Qx = 1) 


2 eS = 


Positive 
Factors of 3 
(coefficient of x?) 


2 Trial Factors 


a Gx — 4) 
Cs — 4)(3x — 1) 
} @ = De) ox = 2) 


3x2 — 8x + 4 = (x - 


Negative 
Factors of 3 
(constant term) 


mals 8) 
Middle Term 
“23y = We = 5x 
Se ON ia 
3) =) 
Negative 


Factorsof4 
(constant term) i 


sa (eae 


a) ,-2 eA 


iMedaaian 


Middle Term Bt 


394 


TAKE NOTE 


The binomial factor 


- 3x + 6 has a common 


factor of 3: 
She cele) == leg 34 pa 
Because 3x? + 7x — 6 


- does not have a 


common factor, one of 
its binomial factors 
cannot have a common 
factor. For the examples 
and solutions in this 


_ text, all trial factors 


except those that have a 
common factor will be 
listed. 


Peewee m meee rere eseseascceeeseeeees 


Example 1 
Factor: 3x7 + x — 2 


Solution Your solution 
Positive Factorsiof—2: 1,/-—2 
factorsolo. bs —-1, 2 





Example 2 
Factor: —12x3 — 32x? + 12x 


Solution 
The GCF is —4x.. 


—12x3 — 32x2 + 12x = 
Factor the trinomial. 


Positive 
factors of 3: 1,3 


1isi.4 hi at 2 
. 7 


" 
sass ai 3)(3x - — Mis sone <arlt. te ys mil 


120 (ae 12 


Chapter 7 / Factoring 


Seem e mere ee eee eee eee eee eee Ee H eH EEE eEHeeeeeee® 


Factors of —3: 


=> Factor: 6x3 + 14x? — 12x 


Factor the GCF, 2x, from the terms. 6x? + 14x? — 12x = 2x(3x? + 7x — 6) 


Factor the tsinomial 3x°-- 7x — 6. 
The constant term is negative. The 
binomial constants will have oppo- 
site signs. 


Write trial factors. Use the Outer 
and Inner products of FOIL to de- 
termine the middle term, 7x, of 
the trinomial. 


It is not necessary to test trial factors 
that have acommon factor. 


6x3 + 14x? — 12x = 2x(x + 3)(Graeed) 


For this example, all the trial factors were listed. Once the correct factors have 
been found, however, the remaining trial factors need not be checked. 


Write the factors of the trinomial. 


You a It 1 
Factor 2x2 =x —3 





Neu Try It 2 
Factor, =45y° 4+) [24 cnal2y 


Your solution 


—4x(3x2 + 8x — 3) 


ae 
3 ’ 


x | 1 ingeny 
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Objective B 


Section 7.3 / Factoring Polynomials of the Form ax? + bx + c 395 


To factor a trinomial of the VIDEO 
form ax? + bx + cby grouping (=) 





In the previous objective, trinomials of the form ax? + bx + c were factored 
by using trial factors. In this objective, these trinomials will be factored by 
grouping. 


To factor ax? + bx + c, first find two factors of a - c whose sum is b. Then use 
factoring by grouping to write the factorization of the trinomial. 


™ Factor: 2x2 + 13x + 15 


Find two positive factors of 30 (2 - 15) whose sum is 13. 


e When the required sum has been 
found, the remaining factors need 
not be checked. 





Dre sa0 se SS] 2x? 3x 10 15 © Use the factors of 30 whose sum 
is 13 to write 13x as 3x + 10x. 
= (OR a> sy) 35 (Oye se al) e Factor by grouping. 


Si Oe 8) ae eee Sh) 
= (ee ak SNC ae S)) 


Cech. (2) Coe tee Oxo LS 
Sg =e ieee Se 05) 


= Factor: 6x2 — 11x — 10 


Find two factors of —60 [6(—10)] whose sum is —11. 





6x2 — 11x = 10 = 6x4 + 4x — 15x — 10 e Use the factors of —60 whose sum 
is —11 to write —11x as 4x — 15x. 
= (6x2 + 4x) = (15x + 10) e Factor by grouping. Recall that 
= 24 3x 2) a (3K ar ee.) —15x — 10 = —(15x + 10). 


aa (30 2 (2x = 5) 


Cheek? (Gx P2)Ox— 5) = 6x2 — 15x'+ 4x — 10 
= ine" = he ae) 
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Pactom ow = 2%5- 4 


Find two factors of —12 [3(—4)] whose sum is —2. 


Factors of —12 Sum 
1 =A2 == ilk 
ally 11 

Poe 0) —4 
tS) 4 
Bh. =] 
S34 1 


Because no integer factors of —12 have a sum of —2, 3x? — 2x — 4 is nonfac- 
torable over the integers. 3x? — 2x — 4 is a prime polynomial. 


Peer ccc cece cece cece eres eee e eee eee asec eee eece eee eeee esse eeOeEEseeeSSOO TEESE EEE SCE OL ESE O LOSES EOE SEER EE EOH SOLED ESESS SOS SETELED ESS OSSODE SESE MOE SENSE SESE S00 Ce 


Example 3 You Try It 3 
Factor: 2x? + 19x — 10 Factor: 2a? + 13a — 7 
Solution Your solution 


Factors of —20 [2(—10)] Sum © 


AAG) 19 


2x2 + 19%. — 10 = 2x7 =x 20% — 10 
= Qe — 4) (200 = 10) 
= AB = 1 oe OCs =) 
= (27 1) ea 10) 


eee e ee enema eee eee ee eR eee eee eee ESD Ee HEED EE EEE TEESE E SESE EEE EES EO OES SES SEODESESESS FESSESESH ESE SEE EESSOSES EES HES EESSESSESSEHEEHH HESS SEHHHS ESE SERESESHOSEOSOSEOS OS 


Example 4 You Try It 4 
Factor: 24x*y — 76xy + 40y Factor: 15x° = 40x7 — 80x 
Solution Your solution 


The GCF is 4y. 
24x2y — T6xy + 40y = 4y(6x? — 19x + 10) 


Negative 
Factors of 60 [6(10)] Sum 


=i, Sel) Ol 
=O = ays 
Soce20 25 ‘ 
Aol) lt) 


6x2 — 19x + 10 = 6x? — 4x — 15x + 10 
= (6x2 — 4x) — (15x — 10) 
PUR ACh se WIN We Wee os Oa] 
= (3x%.— 2)( 2% 85) 


24x2y — Toxy + 40y = 4y(6x2 — 19x + 10) 
=4y(3x — 2)(2% —%3) 


Solutions on p. S21 
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7.3 Exercises 


Objective A 





Factor by using trial factors. 


is 


13. 


ahs 


21. 


25; 


rae) 


33. 


2x2 + 3x + 1 


202 = 3a-+ 1 


D+ x — 1 


2t* —t =-10 


(yee 7 yen | 


6f2 — 11¢ + 4 


Be O24) = 


Taz + 47a — 14 


222 — 27z — 14 


23 


at 


26. 
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Sui? <P end oe Il 


3a — 4a + 1 


4x? — 3x — 1 


2t2 + St — 12 


6y2 oye L 


104 117 3 


Ox? — 13x — 4 


1la2 — 54a —5 


Ag Sites iO 


11. 


15. 


19. 


2s 


ik 


S18 


ier, 


Dy? dy 
267 be 
243 5x iS, 
3070 1606p = 5 
Zea Za 
8x26 33x + 4 


Zyoin LOY cS 


3b2e= 6b + 16 


3p2 + 22p — 16 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


3y2 


3b? 


t 


3x2 


6p? 


7x2 


in) 


5y 


6b? 


t 


ips 


ao aa 


— 130-74 


se Sip = 2 


topes Ll 


se Bye 12 


se Oke a= 7/ 


oe SPL As 


— 19b+ 15 


+2 One i) 


398 


37. 


41. 


45. 


49. 


53: 


56. 


So 


62. 


68. 


Chapter 7 / Factoring 


4x? + 6x + 2 38. 


2x3 — 11x? + 5x 42. 


3z* + 95z + 10 46. 


80y* — 36y + 4 50. 


(yee a Valea = INO} 


16¢7 + 40t — 96 


20z* =F 98z, = 24 


14y3 + 94y2 — 28y 


42a3 + 45a? — 27a 


Bxeyi—| SBRy* gas oy" 


Wks 233% 9 SE 


2x3 — 3x2 — 5x 43. 


S222 Bz el 47. 


24y7 = 24y = 181-51. 


54. 


sie 


60. 


63. 


66. 


69. 


15y2 = S0vie35 


3a*b — 16ab + 16b 


36x — 3x? — 3x3 


Sz Blagg 


SHE we Li XY toy 


3p = lop + op 


30z2 = 8774-50 


Ayz3 + Syz? — 6yz 


36D a= Dp en 


Ox3y' — 24x2y2 + Léxy3 


55. 


58. 


61. 


64. 


67. 


70. 


40. 30y2 10y 220 


44. 2a’b — ab — 21b 


48. —2x2 20> ae 


52. 62° — 2322 + 20z 


107 == —150 
6p2 + Dp? pp 
10y? — 44y? + l6y 


12a3 + 14a2 — 48a 


9x2yi— 30xy? Sys 


Ox3y + 12x2y + 4xy 
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Objective B 





Factor by grouping. 


Le 


Tse 


Thee 


83. 


87. 


91. 


95: 


oo. 


103. 


107. 


(oye ed eae oe 2 TP% 


6a2 + 7a — 24 76. 


22p2+51p-10 80. 


1872 — 9t — 5 84. 


Ox? + 12x + 4 88. 


Bob. 34D — 35 92. 


feo 26a = 21 96. 


O22 ot Dee LD 100. 
Ogee O70) 104. 
Srey = oye 108. 
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15x2 — 19x + 6 


14a2 + 15a -—9 


14p? — 41p + 15 


12t2 + 28 —5 


25x2 — 30x + 9 


1567 — 435 7 22 


6a? 1 23a 21 


10z4-3z — 4 


15z2 — 44z + 32 


6x2 + 10xy + 4y? 


73. 


Likes 


81. 


85. 


89. 


93. 


Gis 


101. 


105. 


109. 


SOF e330. 14 


Az* liz + 6 


8y2 + 17y + 9 


6b? iho — 2 


6b2 — 13b + 6 


18y2 — 39y + 20 


By? — 26y + 15 


eve = yee ie Pee 


3622 + 72z + 35 


3a2 + 5ab — 2b? 


74. 


78. 


82. 


86. 


90. 


94. 


98. 


102. 


106. 


110. 


3 


Sx = 30x SF 25 


677 = 252 14 


Wy? = T4Sy 12 


8b* + 650 + 8 


2OD2 step 31 Date) 


24y? + 4ly + 12 


18y? — 27y + 4 


b 


13z2 + 49z -— 8 


1622 + 8z — 35 


2a? — 9Yab + 9b? 
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Til. e4y2 A yzer 6z2 112 aye oz" 113. 238337 2 114.. 15 = 27 
L153) Sys a 116, 1228 Wigs 42 117. 9x" = 334 4600 118. 16x? — lox eiz 
119. 24x? — 52% -F 24 120; 60x72 95x + 20 121. 35a* + 9a? ae 
122 5G 7 2 6ae ae 1235S bell 0 124. 2552 + 355530 
12520 3x7 e20ny 35 126. 4x2 = lox 15y2 127. 216y2 — 3¥eee 
128. 360y? + 4y — 4 129. 2 0 ee 130.” 184 V7 
131. 15a? 11ab = 145 W325 5a 3 aoa 0be 133. 332 — 827 ee 


APPLYING THE CONCEPTS 
Factor. 


134. 2(y+22—(y+2)—-3 135. 3@+2%—@4+2)=4 136. 4G —1)2—= 7G) 


Find all integers k such that the trinomial can be factored over the integers. 


US oe ee 138.0 2 eS 1390 oe ee 


140. Write the area of the shaded portion of each diagram in factored form. 


a. , b. sc. 2. 
a * | 
O 


,141. In your own words, explain how the signs of the last terms of the two 
binomial factors of a trinomial are determined. 
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Objective A 


SSRIS RENIN SR ROBESON 


TAKE NOTE 


| Here are some more 
| examples of perfect 
squares: 

SUG}, GIG), ge Gye 


reapers cacumrasaaSSSoN hoot avdoces tense agin. nurEnconaRsi ET TT 


—— 
i TAKE NOTE 

(a + b) is the sum of the 
two terms a and b. 
(a — b) is the difference 
of the two terms a and 


se 


b.a and 6 are the square | 


roots of a? and b?. 


Section 7.4 / Special Factoring 407 


Special Factoring 


To factor the difference of two perfect — vioro 
squares or a perfect-square trinomial [& 





The product of a term and itself Term Perfect Square 
is called a perfect square. The is ish Ds 
exponents on variables of perfect i by See = ae 
squares are always even numbers. 3y4 3y4 . 3y4 = Oy8 

xn xh. xn = an 


The square root of a perfect square is one of the two equal 25 
factors of the perfect square. “V ” is the symbol for square N/ 2 =o 
root. To find the exponent of the square root of a variable Vos = 3y4 
term, divide the exponent by 2. Ve 2 


The difference of two perfect squares is the product of the sum and difference 
of two terms. The factors of the difference of two perfect squares are the sum and 
difference of the square roots of the perfect squares. 


Factors of the Difference of Two Perfect Squares 


a? — b?= (a+ b\(a = b) 





The sum of two perfect squares, a? + b?, is nonfactorable over the integers. 


™ Factor: 4x? — 81y? 


Ay — O1y2 (2%) (Oy)2 e Write the binomial as the differ- 
ence of two perfect squares. 
= (2x -- Dy) (2% = Dy) e The factors are the sum and 


difference of the square roots of the 
perfect squares. 


A perfect-square trinomial is the square of a binomial. 


Factors of a Perfect-Square Trinomial 


a2 + 2ab + b? = (a+ bj? 
a? — 2ab + b? = (a — bj? 





In factoring a perfect-square trinomial, remember that the terms of the binomial 
are the square roots of the perfect squares of the trinomial. The sign in the bino- 
mial is the sign of the middle term of the trinomial. 


402 Chapter 7 / Factoring 


See a 


Example 1 
Factor: 25x? — 1 


Solution 

Deni (a(S) eal)? 
= (5x + 1)(5x 

Example 2 


Factor: 4x? — 20x + 25 


Solution 
4x2 — 20x + 25 = (2x 


REP R Rew een eee essere asreeeeseesreree 


Factors (e424. 


Solution 


#> Factor: 4x2 + 12x + 9 


Because 4x? is a perfect square [4x* = (2x)?] and 9 is a perfect square 
(9 = 32), try factoring 4x? + 12x + 9 as the square of a binomial. 


Ax2 + 12x + 9 = (2x + 3)? 
Check: (2x + 3)? = (2x + 3)(2x% + 3) = 4x? + 6x + 6x 19 = 4x? P12? 


The check verifies that 4x2 + 12x + 9 = (2x + 3). 


It is important to check a proposed factorization as we did above. The next exam- 
ple illustrates the importance of this check. 


=> Factor: x? + 13x + 36 


Because x2 is a perfect square and 36 is a perfect square, try factoring 
x2 + 13x + 36 as the square of a binomial. 


x2 + 13x + 36 = (x + 6) 
Check: (x + 6)? = (x + 6)@ + 6) = x? + 6x + 6x + 36 =x? + 12x 4936 


In this case, the proposed factorization of x? + 13x + 36 does not check. 
Try another factorization. The numbers 4 and 9 are factors of 36 whose sum 
Ise 


x2 + 13x + 36 = (« + 4)(x + 9) 


Cee me eee mee OED HEHE EE EE OER EEEHEE ESE OES FESO HEEO HEHE DSTO ESO SE SESEESEEO SEE SES SES SESE ESESESEO SEE SESSSHEEH HEH SHS OHSS EOS 


"You Try It 1 
Factores = soy) 


Your solution 


dideine San PIERRE Ta eeevased eats Bh oc cccceconcocdecacsesseo dees ontscuilvnaiinnod ees e8 (ots) «i ataan——nnn 
You Try It 2 


Factor: 9x2 + 12x + 4 


Your solution 


5)? 


wrTrrrTrrrrrrrrrrr rrr rrerrr errr reeeeeeeeeree TEEPE e ere rr rrrr errr eee) 


You Try It 3 
Factor: (a + b)? — (a — b)? 


Your solution 


Cio) eh eh Oe ee 
SS (Rat et 2 Ne ye) 


Solutions on p. S21 
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i205 -) To factor the sum or the vipro 


difference of two cubes € 





vas 


[TAKE NO Pe The product of the same three Term Perfect Cube 
| factors is called a perfect cube. 2 Dose Ma OS 8 

i Here are some more Th 0 bl f 

_ examples of perfect € exponents on variables 0 Si Ba 2 BING Sh (Sa — 27Ty3 

- cubes: perfect cubes are always divisi- ve y2+y2-y2 = (y2)3 = ae 

| 64, 1000, 5°, z2® ble by 3. : ae f 


Baarcvenicnsaoncsvotnnonociees snoneeacasnnin nie aNCooE 


= 
| 
N 


The cube root of a perfect cube is one of the three equal fac- 
tors of the perfect cube. “VY” is the symbol for cube root. ¥/2 7,3 
To find the exponent of the cube root of a variable term, di- i/o 
ce VY 
vide the exponent by 3. : 


II 
ies) 
N tS 


lI 
S 


The following rules are used to factor the sum or difference of two perfect cubes. 


Factors of the Sum or Difference of Two Cubes 


ae + b3 = (a+ b)\(a2 — ab + b?) 
a? — b§ = (a — b\(a2 + ab + b?) 





= Factor: 8x3? — 27 


Write the binomial as the difference See? ge — (20) 
of two perfect cubes. 


The terms of the binomial factor = (2x — 3)(4x2 + 6x + 9) 
are the cube roots of the perfect Coteroor ne tis: 

cubes. The sign of the binomial fac- term 

tor is the same sign as in the given Onpeier ane produce 


binomial. The trinomial factor is of the two terms 


obtained from the binomial factor. Seer on iie cetenm 





[TAKE NOTE Check: 4x ehegx 

_ You can always check a 

_ proposed factorization V2 Nox 27 

_ by multiplying the Qe oe 2B Sx 

"factors. Re) | Sa ee i ; 
I 8x3 = 21 ¢ The original polynomial 


Seaerecaryocaeotssenscnt ean 


=> Factor: a> + 64y? 


SOA sare a (Ay) ® Write the binomial as the 
sum of two perfect cubes. 


(a als Ay )(a? =— 4ay 4. 16y) © Factor. 


=> Factor: 64y4 — 125y 


64y4 — 125y = y(64y? — 125) e Factor out y, the GCF. 
= y[(4y)? — 53] e Write the binomial as the 
difference of two cubes. 
= y(4y = 5)(16y? + 20y + 25) ° Factor. 


404 


Chapter 7 / Factoring 


Example 4 
Bactori yal 


Solution 


oy 


= Dey)? al? 


You Try It 4 
FactOn 64° arty) 


Your solution 


= (xy — 1)(x2y2 + xy + 1) 


Example 5 
Pactons Cc 1)) ace 


Solution 
Cy as 

= [@ + y) — x]L@ + 
BY Gi Dh aenrs ienaeiye = caylee. yes) 


(See iate Oye y=) 


Objective C 


You Try It 5 
Bacto 9) ea Couey) 


Your solution 


Vi) sae Cay) eee 


Solutions on p. S21 


To factor a trinomial that is quadratic in form 





Certain trinomials that are not quadratic can be expressed in the form 
ax? + bx + c by making suitable variable substitutions. A trinomial is quad- 
ratic in form if it can be written as au? + bu +c. 


As shown below, the trinomials x* + 5x* + 6 and 2x*y* + 3xy — 9 are quadratic 
in form. 


0 SAO 2x2y? + 3x 
(x2)? + 5(x*) + 6 2(xy)? + 3G) 
Lets Hee Sie a Let u = xy. 202s 


When we use this method to factor a trinomial that is quadratic in form, the vari- 
able part of the first term in each binomial will be wu. 


For example, x4 + 5x2 + 6 is quadratic in form by letting u = x”. Thus, 


x4 + 5x2 + 6 = (x2)? + 52) +6 =u? + Sut 6. 


= Factor: x* + 5x2 + 6 
x4+ 5x7 +6=u24+5u+6 e Letu= x2. 
= (u + 3)(u + 2) ° Factor. 


(ar awe (ss + 2) © Replace uw by x’. 
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See eee cli secckoseacebicctenssoechvesssenbandecvencecessossess aaa Fi Mi baownncneoeeses 
Example 6 "You Try It 6 

BaGors0x-y7 = xy — 12 Bactoryox-y2.— 19xy 4-10 

Solution Your solution 

Let u = xy. 


Oxy 12 = 6ur—u~- 12 
= (3u + 4)(Qu — 3) 
= (3xy + 4)(2xy — 3) 


Pee eoeecrcccescossscsesesesesee 


Example 7 
Factor: 2x* + 5x? — 


Solution 
Welw — x7: 


Ae Try It 7 


12 Factor: 3x4 + 4x2 — 4 


Your solution 


2x4 + 5x2 — 12 = 2u2 + 5u — 12 
= 21) =>) (pen) 
= (2x2 — 3)(x2 + 4) 


Example 8 
Factorx*y* + 3x7y2 


Solution 
Let u = x*y?. 
ave e3x7y? — 10 = 


TAKE NOTE 
Remember that you may 
have to factor more than 
once in order to write 


_ the polynomial as a 


product of prime factors. 


kK. Try It 8 
— 10 Factor: a4b* + 6a2b? — 


Your solution 


We ae Sythe 
(ie) (Caen 2) 
(Apeat S) aye = 2) 


Solutions on p. S21 


When factoring a polynomial completely, ask the following questions about the polynomial. 


. ls there a common factor? If so, factor out the GCF. 


. If the polynomial is a binomial, is it the difference of two perfect squares, the sum of 
two cubes, or the difference of two cubes? If so, factor. 


. If the polynomial is a trinomial, is it a perfect-square trinomial or the product of two 
binomials? If so, factor. 


4. |f the polynomial has four terms, can it be factored by grouping? If so, factor. 
5. Is each factor nonfactorable over the integers? If not, factor. 
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Example 9 


Factor: 6a3 + 15a? — 36a 


Solution 


6a3 + 15a2 — 36a = 3a(2a? + 5a — 12) 
3a(2a — 3)(a + 4) 


II 


eee ee eee eee eee eee eee E TES eH OEE H SEH EE HESS SEESES SEH OEHH EHO EOS 


_ Example 10 
PactOr wy vg 2k ety ee 


Solution 


50 De ee 2 ey ee) ae ee) 
(ye 2) a ye) 
Se) (eel) 

= (va 2) ea = 1) 


Example 11 


Pactorc yi 


Solution 
xan = ee = (x2) =3 (Cyr)e 


= (xe ab 20) (x 2n bs y2n) 
= (x ok yea Ge oe wey] 
— (x2 ae Wei Gee ste a) Ga — Vio) 


CORO Hee EERE HEE HEE RAE ETH HEHEHE ESTEE ESE SSE SEHHESSOH HEH EOOS 


Bacto vy? 


Solution 
an + Sip es xry3 — x"(x3 te y3) 


= xian bp) (ee = eye ye) 


weer eee e eee eeeeeeons 


ee ce ee ewes eeeeeeeces 


“You Try it 9 
Factor: 18x? — 6x? — 60x 


Your solution 


[ip -='s'a'wlniein'oinie' ole eloinieo.cieisicie oiciv ojeic'cie)sivieisieieinicieisisieis eicieieicic ie ¢i 020 eS ann 


“You Try It 10 
Pactomawa— 4y = x a xy 


Your solution 


SERS aaa ait oobivn dele cu des deeecls tincait se oere cee sae tees ea As 
“You Try It 11 
Factor: xan a= mye 


Your solution 


wee e cece ee eee eee eee Pease ee esses SESE SEES ESSE EES OEESESSEH SESE SS SOS ESHEETS ESS EOH SOS ESS SOO SOSSOSEEOS 


You Try It 12 
Factomaeis ax" 


Your solution 


Solutions on pp. S21—S22 
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Which of the expressions are perfect squares? 


1. 


Bes lone; 12y'" 100x*y4 


Name the square root of the expression 


3. 


1628 


Factor. 


dee 


10. 


13. 


16. 


19. 


22: 


23. 


28. 


31. 


34. 


x* = 16 


81x? — 4 


1 — 9a? 


a*b? — 25 


25 — a*b2 


b2 — 16 


b*— 2b +1 


49x? + 28x + 4 


b? + 7b + 14 


4x2y2 + 12xy +9 


4. 36d!° 


11. 


14. 


17. 


20. 


Zs 


26. 


29. 


32. 


35. 


2. 9: 18; 15a’; 49b!2. 64a'*b2 


Seog 7. 
y2 — 49 9. 
(ewe =| 123 
16 — 81y? 15. 
x +4 18. 
64 — x2 21. 
Gee = We a> AS 24. 
a? + 14a + 49 Ze 
4a? + 4a - 1 30. 
iy? ae Syd 5 a3! 
25a* — 40ab + 16b? 36. 
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6. 23min 
Ane 
49y? — 36 
xy? — 100 
Ge a> Wiss 
ql 
Vee ue se) 


16x? — 40x + 25 


Ox? + 12x — 4 


KO Oye 


4a? — 36ab + 81b? 
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Where ies dey es ie, 385)? =s16y os 04 3u. 


40. 16 —(a— 3) Ale Cay) ona 


Objective B 





Which of the expressions are perfect cubes? 


A22504°82- 0b le a 44. 


Name the cube root of the expression. 


45. 8x? 46. 27y!5 


Factor. 


49. 36 =a, 50) 42 125 


52. 64a? - 27 Rie ee ae 


55. m3+4+n3 56. 27a3 + b> 


5S. So 2505 59. 27x? = 8 


61.° x*y2 + 64 625 ox yy) eed 


64. 27x3 — 8y? 65. 8x3 — 9y3 


67. (a—by-—b 68. a3+(a+b) 


LOR ae sy LEA” te, 


+ b) 42. 


9; 27; y'2; m3n°; 64mn? 


47. 64a°b!® 


om be 


54. 


Die 


60. 


63. 


66. 


69. 


TOR 


(x — 4)? —9 


Go = 2y)* = 


48. 


8x3 — 1 


64x37 + 1 


64x3 + 2793 


16x23 


216 =e 


non =e se 


a + 64 


125¢¥d- 
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Objective C 


Factor. 


LS: 


76. 


The 


82. 


85. 


88. 


91. 


eV Mh eee i) 


a*b? + 10ab + 24 


ie 1307 — 90 


GD lacb* 26 


Bx7y2— l4xy +15 


NOd2D2 i 3ab — 7 


eee — 1X8 3 


Objective D 


Factor. 


94. 


Dil 


5x2 + 10x +5 


27a4 —a 


HOO ey — 10y? +-21y2 


103. 


Ife S 54 te 


74. 


TIE 


80. 


83. 


86. 


89. 


2. 


95. 


98. 


101. 


104. 


RV OXY eS 


x* — 9x2 + 18 


a+ + 14a? + 45 


xen + 3x" + 2 


5x*y? — 59xy + 44 


24 — 13x21 15 


An 8x" 5 
WDE Yer = 727) 
he 125 

VW tO thay? 


8x° — 98x3 
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Hey 


78. 


81. 


84. 


87. 


90. 


93. 


96. 


99. 


102. 


105. 


ye Ixy 00 


sy Xo = aHe) 


ee ae ON Vat 2 


qn — qr — 12 


Gab 1234p 421 


3x4 + 20x? + 32 


Mere ee Eee ID) 


Seo = welll 
2 ee 
Sted aera Xe) 
léas> 2a4 
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106.2 yo 107. ao b- 108. xyes 
109. 8x* — 40x3 + 50x? 110. 6x5 + 74x4 + 24x3 Tile oi oe 

112. 6a — 57 113. 4%° aay". 1140 = 5 
115-907 25a 144 116. 3b5 — 24b 117s W6a5 2a 
118. 16x3y + 4x2y? = 42x)? 119. 24a*b? — 14ab> — 90b* 

1200 = ie 121, — 237 — 40 8 

122 rd 123. 4x4 — x2 — 4x2? + y? 

124) G2 Ga a a 125. ea 

126, 2x2t2 — Txrt1 + 3x0 127. 3b"*2 + 4be+! — 4b 


APPLYING THE CONCEPTS 


128. Find all integers k such that the trinomial is a perfect square. 
Bux Ee kaa 30 b.4x2 — ke 25 c. 49x2 + kxy + 64y? 


129. The area of a square is (16x? + 24x + 9) m2. Find the dimensions 
of the square in terms of the variable x. Can x “0? What are the possi- | A= 16x +24 
ble values of x? i i 





@ 130. Can a third-degree polynomial have factors (x — 1) eater a(S) enc 
(x + 4)? Why or why not? 


131. Given that (« — 3) and (x + 4) are factors of x3 + 6x? — 7x — 60, explain 
how you can find a third first-degree factor of x* + 6x? — 7x — 60. Then 
find the factor. 
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Solving Equations 


Objective A To solve equations by factoring ie } 


The Multiplication Property of Zero states that the product of a number and zero 
is zero. This property is stated below. 





If a is areal number, thena-0=0-a=0. 


Now consider x - y = 0. For this to be a true equation, then either x = 0 or 
y = 0. 


Principle of Zero Products 


If the product of two factors is zero, then at least one of the factors must be zero. 


lfa-b=0,thena=0orb=0. 





The Principle of Zero Products is used to solve some equations. 


=> Solve: « — 2) — 3) =0 


By theePrincipleret Zero Products, if'(~ = 2)@ — 3) 10; then « —2.— 0.or 
Keo) 


(a= 2) 3) 0 
Nee 22) Go) e Let each factor equal zero (the Principle 
of Zero Products). 





x=2 x3 © Solve each equation for x. 
Check: 
(ae) Ge ee Co Gs = Sy SW) 
(Fi) (Oe a0) Gre?) (Bas ae 
OS 1 Sus0 (1)(0) | 0 
0=0 True Q0=0 True 


The solutions are 2 and 3. 


An equation of the form ax? + bx +c =0,a #0,isa Bx 2 iO 
quadratic equation. A quadratic equation is in stan- 
dard form when the polynomial is in descending 4x? = 34 +2=0 


order and equal to zero. The quadratic equations at the 
right are in standard form. 
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=™ Solve: 2x? +x =6 
TAKE NOTE 


aD) — 
Note the steps involved 2x° + x = 
in solving a quadratic Qx2 +x -6=0 ¢ Write the equation in standard form. 
equation by factoring: 
Qe = 3)\Ge 2) =0 ¢ Factor. 
1. Write in standard nl 
form. 24 = 3 = 0 x+2=0 * Use the Principle of Zero Products. 
2. Factor. Dee == 8 a © Solve each equation for x. 
3. Set each factor equal 3 
to 0. x= — 
y; 


4. Solve each equation. 


5. Check the solutions. 


3 ; : ; 2 
5 and —2 check as solutions. The solutions are 5 and —2. 


Bosc decpisdessaescsecssvslessnaeadensencentaneseguees coqssouchbensseamersvees B cgutsscomeonsieaaenense~snccacenic:<=so7S8r?can< 20> 7 sie: aaad 
“Example 1 You Try It 1 

Solve: x@ — 3) = 0 Solve: 2x(x + 7) = 0 

Solution Your solution 

x@ = 3) =0 

x=0 x-3=0 


i) 


The solutions are 0 and 3. 


ae 2 he, Try It 2 
Solve: 2x? — 50 = 0 Solve: 4x2 — 9 = 0 
Solution Your solution 
2x2 — 50 = 0 

2(x2 — 25) =0 
2(x + 5)\(« — 5) =0 
x+5=0 ge = by =O 

i oe (NS) 


The solutions are —5 and 5. 


ae 3 kz Try It 3 
Solve: (x — 3)(x — 10) = —10 Solve: @ +2)G@— 7) =52 
Solution Your solution 


(x — 3)(x — 10) = —10 
x2 — 13x + 30 =—-10 = © Multiply (x — 3)(x — 10). 


x? — 13x + 40 =0 © Add 10 to each side of 
Ge = 8)(« — 5) =0 the equation. The equation 
pa eee 0 es PO is now in standard form. 


cn (3) x=5 


Che solutions are 8 and 5. 


Solutions on p. S22 
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AFM, SW ye 

Sees eee Go oe 
Objective B To solve application problems GQ WY Ay 
TUTOR WEB SSM 


Recallutiat lentes crsmredthenlumberse 302,21, 0.1, 2.3.4... 





An even integer is an integer that is divisible by 2. Examples of even integers 
are —8, 0, and 22. An odd integer is an integer that is not divisible by 2. 
Examples of odd integers are —17, 1, and 39. 


Consecutive integers are integers that heh, Uz Nh) 
follow one another in order. Examples of ey Sth IS 
consecutive integers are shown at the right. engiah ae Wane 2 
(Assume that the variable n represents an 
integer.) 
Examples of consecutive even integers are 24, 26, 28 
shown at the right. (Assume that the vari- AND, Sts 0) 
able n represents an even integer.) TAMU etre 2 pote A 
Examples of consecutive odd integers are WS PAG 28) 
shown at the right. (Assume that the vari- lel 
able n represents an odd integer.) ee ae 
cece aes tau ci dhctbclonagsore ceuwnecbodesioeseccesecstens Phones ects sscteceeeeceeeesesssssesecssonsssessesscseessonesessecesseneneeees 
Example 4 ~ You Try It 4 
The sum of the squares of two consecutive The sum of the squares of two positive 
positive even integers is equal to 100. Find the consecutive integers is 61. Find the two 
two integers. integers. 
Strategy Your strategy 


First positive even integer: 1 
Second positive even integer: n + 2 


The sum of the square of the first positive even 
integer and the square of the second positive 
even integer is 100. 


Solution Your solution 
foe en + 2)* = 100 
n- +n? + 4n+4= 100 
27- + 4n + 4 => 100 
2n2 + 4n — 96 = 0 
Dae 2n — 48) —0 
eee 2n — 48 — (0 ¢ Divide each 
side of the 
equation by 2. 


Va 6)(7 + 8) = 0 
n—-6=0 n+8=0 
n=6 n= -8 
Because —8 is not a positive even integer, it is 
not a solution. 
n=6 
n+2=6+2=8 


The two integers are 6 and 8. 
Solution on p. S22 
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Example 5 

A stone is thrown into a well with an initial 
speed of 4 ft/s. The well is 420 ft deep. How 
many seconds later will the stone hit the 
bottom of the well? Use the equation 

d = vt + 16f?, where d is the distance in feet, 
v is the initial speed, and ¢ is the time in 
seconds. 


Strategy 

To find the time for the stone to drop to 
the bottom of the well, replace the 
variables d and v by their given values 
and solve for ¢. 


Solution 
= Vit Or 
420 40-1672 
0 = —420 + 4t + 16? 
16t2 + 4t — 420 =0 
4(4t2 +¢— 105) =0 
4t2+t-—105=0 «e Divide each 
side of the 
equation by 4. 
4p 21)G — >) 0 


4t+21=0 i— 5) = 0 
4t = -21 t=5 

ZA 

[= ——- 

4 


Because the time cannot be a negative 


Dee 4 
number, se not a solution. 


The time is 5 s. 


7 

Bou Try It 5 
The length of a rectangle is 4 in. longer than 
twice the width. The area of the rectangle is 
96 in2. Find the length and width of the 
rectangle. 


Your strategy 


Your solution 


Solution on p. S22 
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7.5 Exercises 


Objective A 


{. 
Solve. 
Peeve 3)(y + 2) =O 
Gaeic  5) = 0 
10. y(2y + 3)=0 
14. (6+ 2)(6—-—5)=0 
18. 4x7-49=0 
22. 7+ 6x +8 =0 
2628207 — 9a —5 = 0 
BOs x= 3x = 0 
34. a*+5a= —-4 
38. 2+ 7t=4 






In your own words, explain why it is possible to solve a quadratic 
equation using the Principle of Zero Products. 


3 


11. 


15. 


233 


Qs 


31. 


35. 


39. 


(y= 3)@ =5) = 0 


fee ee 


t(4¢ — 7) = 0 


(b — 8)(b + 3) =0 


16x? = =-0 


x? — 8x +15=0 


3a + 14a +8=0 


a> — 5a = 0 
a* — 5a = 24 
3f7 + t= 10 


4. 


12. 


16. 


20. 


24. 


28. 


523 


36. 


40. 
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eo TNE, SW 


ala — 9) =0 
2a3a—2)= 0 
Ca 80) 
Oxi lf 0 


z2+5z-14=0 


(We a> bv ae 1h) 


oO 
VainiDunm ae 
Biases 4 


eh 


13. 


17: 


ZA: 


Pa), 


jae) 


33; 


DLs 


41. 


Ger 3G = 9) =0 


Gen 2o VA = @ 


4b(2b + 5) = 0 


ee 2 a) 


16x? — 49 = 0 


Ze oi) = 0 


6y2 — 19y +15 =0 


2a* — 8a = 0 


ie ip rc 


572 — 16f = —12 


416 
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42; «(= 12)==27 43. z@=—11=12 44. yy) 18 

46. pp 3)= 2 AT oO = 1207 “48 G 4 445 

50. x«@ + 3) = 28 51, pp = 14) 9128 aS) ee es 
545 (Gi) 4) 82 55 G8) Zea Nae 9 

57. (a + Sat 4) — 72 58. (a —4)a@s4 7) = —18 
@)(aey-e-a Application Problems 


45. 


49. 


oS. 


56. 


Shh 


60. The square of a positive number is six more than five times the positive 


61. 


62. 


63. 


64. 


65. 


66. 


number. Find the number. 


The square of a negative number is fifteen more than twice the negative 


number. Find the number. 


The sum of two numbers is six. The sum of the squares of the two num- 


bers is twenty. Find the two numbers. 


The sum of two numbers is eight. The sum of the squares of the two num- 


bers is thirty-four. Find the two numbers. 


The sum of the squares of two consecutive positive integers is forty-one. 


Find the two integers. 


The sum of the squares of two consecutive positive even integers is one 


hundred sixty-four. Find the two integers. 


The length of a rectangle is 2 ft more than twice the width. The area of the 


rectangle is 84 ft?. Find the length and width of the rectangle. 


y(y + 8) = -15 


yy 38) =a 


(x + 4a — Dea 


(Z = 6)@ + Dee 


(2x + 5)@ + 1) =I] 


2w +2 
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67. The length of a rectangle is 8 cm more than three times the width. 
The area of the rectangle is 380 cm?. Find the length and width of the 
rectangle. 


2 
+ 
The formula S = it 





ee ; 
gives the sum, S, of the first nm natural numbers. 


Use this formula for Exercises 68 and 69. 


68. How many consecutive natural numbers beginning with 1 will give a sum 
of 78? 


69. How many consecutive natural numbers beginning with 1 will give a sum 
Oral 712 


2 





t t 
The formula N = gives the number, N, of football games that must be 


scheduled in a league with t teams if each team is to play every other team 
once. Use this formula for Exercises 70 and 71. 


70. How many teams are in a league that schedules 15 games in such a way 
that each team plays every other team once? 


71. How many teams are in a league that schedules 45 games in such a way 
that each team plays every other team once? 


The distance, s, in feet, that an object will fall (neglecting air resistance) in 
t seconds is given by s = vt + 16f*, where v is the initial velocity of the object 
in feet per second. Use this formula for Exercises 72 and 73. 


72. An object is released from the top of a building 192 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds later 
will the object hit the ground? 


73. An object is released from the top of a building 320 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds later 
will the object hit the ground? 


The height, /, in feet, an object will attain (neglecting air resistance) in ¢ sec- 
onds is given by h = vt — 16t?, where v is the initial velocity of the object in feet 
per second. Use this formula for Exercises 74 and 75. 


74. A golf ball is thrown onto a cement surface and rebounds straight up. The 
initial velocity of the rebound is 60 ft/s. How many seconds later will the 
golf ball return to the ground? 


75. A foul ball leaves a bat and travels straight up with an initial velocity of 
64 ft/s. How many seconds later will the ball be 64 ft above the ground? 





417 


418 


76. 


Hike 


78. 


To: 


80. 


81. 


Chapter 7 / Factoring 


The height of a triangle is 8 cm more than the length of the base. The area 
of the triangle is 64 cm2. Find the base and height of the triangle. 


The height of a triangle is 4 m more than twice the length of the base. The 
area of the triangle is 35 m2. Find the height of the triangle. 


The length of each side of a square is extended 5 in. The area of the 
resulting square is 64 in’. Find the length of a side of the original square. 


A small garden measures 8 ft by 10 ft. A uniform border around the gar- 
den increases the total area to 143 ft?. What is the width of the border? 


The page of a book measures 6 in. by 9 in. A uniform border around the 
page leaves 28 in? for type. What are the dimensions of the type area? 


The radius of a circle is increased by 3 in.; this increases the area by 
100 in2. Find the radius of the original circle. Round to the nearest 
hundredth. 


APPLYING THE CONCEPTS 


82. 


83. 


84. 


86. 


@ 87. 


The length of a rectangle is 7 cm, and the width is 4 cm. If both 
the length and the width are increased by equal amounts, the area of the 
rectangle is increased by 42 cm?. Find the length and width of the larger 
rectangle. 


A rectangular piece of cardboard is 10 in. longer than it is wide. Squares 
2 in. on a side are to be cut from each corner, and then the sides will be 
folded up to make an open box with a volume of 192 in. Find the length 
and width of the piece of cardboard. 


Solve: p? = 9p? 85. Solve: + 3)(QQx — 
Find 3n2 if n(m + 5) = —4. 


Explain the error made in solving the equation at (x + 2)(« — 3) = 6 
the right. Solve the equation correctly. at 2s Oy aS 
x=4 x 


ll 


6 
3 


b+8 











7cm 


4cm 





1) = (3 —x)6 —3a) 
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e Focus on Problem Solving 


Polya’s Four-Step Your success in mathematics and your success in the workplace are heavily 
dependent on your ability to solve problems. One of the foremost mathemati- 
cians to study problem solving was George Polya (1887-1985). The basic struc- 
ture that Polya advocated for problem solving has four steps, as outlined below. 





Process 
ihe 
eyo 
WEB 

Point of Interest 
George Polya was born in 


Hungary and moved to the 
United States in 1940. He lived 
in Providence, Rhode Island, 
where he taught at Brown 
University until 1942, when he 
moved to California. There he 
taught at Stanford University 
until his retirement. While at 
Stanford, he published 10 
books and a number of articles 
for mathematics journals. Of 
the books Polya published, 
How To Solve It (1945) is one of 
the best known. In this book, 
Polya outlines a strategy for 
solving problems. This strategy, 
although frequently applied to 
mathematics, can be used to 
solve problems from virtually 
any discipline. 


(For more information on Polya and his work, conduct a search on the Internet for 
“Polya.” You can also search the Math Forum at www.forum.swarthmore.edu.) 


1. Understand the Problem 


You must have a clear understanding of the problem. To help you focus on 
understanding the problem, here are some questions to think about. 


Can you restate the problem in your own words? 

Can you determine what is known about these types of problems? 

Is there missing information that you need in order to solve the problem? 
Is there information given that is not needed? 

What is the goal? 


2. Devise a Plan 


Successful problem solvers use a variety of techniques when they attempt to 
solve a problem. Here are some frequently used strategies. 


Make a list of the known information. 
Make a list of information that is needed to solve the problem. 
Make a table or draw a diagram. 


e Work backwards. 


Try to solve a similar but simpler problem. 

Research the problem to determine whether there are known techniques for 
solving problems of its kind. 

Try to determine whether some pattern exists. 

Write an equation. 


3. Carry Out the Plan 


Once you have devised a plan, you must carry it out. 


Work carefully. 

Keep an accurate and neat record of all your attempts. 

Realize that some of your initial plans will not work and that you may have to 
return to Step 2 and devise another plan or modify your existing plan. 


4. Review Your Solution 


Once you have found a solution, check the solution against the known facts. 


Ensure that the solution is consistent with the facts of the problem. 

Interpret the solution in the context of the problem. 

Ask yourself whether there are generalizations of the solution that could apply 
to other problems. 

Determine the strengths and weaknesses of your solution. For instance, is your 
solution only an approximation to the actual solution? 

Consider the possibility of alternative solutions. 
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We will use Polya’s four-step process to solve the following problem. 


A large soft drink costs $1.25 at a college cafeteria. The dimensions of the cup 
are shown at the left. Suppose you don’t put any ice in the cup. Determine the 
cost per ounce for the soft drink. 


1. Understand the problem. We must determine the cost per ounce for the soda. 
To do this, we need the dimensions of the cup (which are given), the cost of 
the drink (given), and a formula for the volume of the cup (unknown). Also, 
because the dimensions are given in inches, the volume will be in cubic 
inches; we need a conversion factor that will convert cubic inches to fluid 
ounces. 


2. Devise a plan. Consult a resource book that gives the volume of the figure, 
which is called a frustrum. The formula for the volume is 


/ 
V =F 45 7R aR) 


where /2 is the height, r is the radius of the base, and R is the radius of the top. 
Also from a reference book, 1 in? ~ 0.55 fl oz. The general plan is to calculate 
the volume, convert the answer to fluid ounces, and then divide the cost by 
the number of fluid ounces. 


3. Carry out the plan. Using the information from the drawing, evaluate the 
formula for the volume. 


6 
Ve aie + 1(1.5) + 1.52] = 9.5m ~ 29.8451 in? 


V = 29.8451(0.55) = 16.4148 fl oz © Convert to fluid ounces. 
Cost pe epee ES agh 0.07615 ¢ Divide the cost by the volume 
fae Cc — — 5 . 
ost per ounce ~ 77a ae y 


The cost of the soft drink is approximately 7.62 cents per ounce. 

4. Review the solution. The cost of a 12-ounce can of soda from a vending 
machine is generally about 75¢. Therefore, the cost of canned soda is 
75¢ + 12 = 6.25¢ per ounce. This is consistent with our solution. This 
does not mean our solution is correct, but it does indicate that it is at least 
reasonable. Why might soda from a cafeteria be more expensive per ounce 
than soda from a vending machine? 


Is there an alternative way to obtain the solution? There are probably many, 
but one possibility is to get a measuring cup, pour the soft drink into it, and 
read the number of ounces. Name an advantage and a disadvantage of this 
method. “ 


Use the four-step solution process for the following problems. 


1. A cup dispenser next to a water cooler holds cups that have the shape of a 
right circular cone. The height of the cone is 4 in., and the radius of the cir- 
cular top is 1.5 in. How many ounces of water can the cup hold? 


2. Soft drink manufacturers do research into the preferences of consumers with 
regard to the look and feel and size of a soft drink can. Suppose that a man- 
ufacturer has determined that people want to have their hand reach around 
approximately 75% of the can. If this preference is to be achieved, how tall 
should the can be if it contains 12 oz of fluid? Assume the can is a right cir- 
cular cylinder. 
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a Projects and Group Activities 


Water Displacement When an object is placed in water, the object displaces an amount of water that 
is equal to the volume of the object. 


=> A sphere with a diameter of 4 in. is placed in a rectangular tank of water that 
is 6 in. long and 5 in. wide. How much does the water level rise? Round to the 
nearest hundredth. 


4 
V= 3 ar? e Use the formula for the volume of a sphere. 
4 32 1 1 
—— 3) =-d=-(4)= 
V 3 q(2°) 3 7 er 54 A y=2 


Let x represent the amount of the rise in water level. The volume of the 
sphere will equal the volume displaced by the water. As shown at the left, 
this volume is the rectangular solid with width 5 in., length 6 in., and height 











aaa. 5 (ale 
V = LWH e Use the formula for the volume of a rectangular solid. 
32 LP 39 
73 aT = (6)S)% e Substitute 3 7 for V, 5 for W, and 6 for L 
Pear TTR ES 
90 T= © The exact height that the water will fill is 90 7 
(LN oe e Use a calculator to find an approximation. 





The water will rise approximately 1.12 in. 


— 30 cm —>| R= 20 tha, SS 


16 in. in 


20 cm 
Ps —— = | : 12 in. 





Figure 1 Figure 2 Figure 3 


1. A cylinder with a 2-centimeter radius and a height of 10 cm is submerged in 
a_tank of water that is 20 cm wide and 30 cm long (see Figure 1). How much 
does the water level rise? Round to the nearest hundredth. 


2. Asphere with a radius of 6 in. is placed in a rectangular tank of water that is 
16 in. wide and 20 in. long (see Figure 2). The sphere displaces water until 
two-thirds of the sphere is submerged. How much does the water level rise? 
Round to the nearest hundredth. 


3. A chemist wants to know the density of a statue that weighs 15 lb. The statue 
is placed in a rectangular tank of water that is 12 in. long and 12 in. wide (see 
Figure 3). The water level rises 0.42 in. Find the density of the statue. Round 
to the nearest hundredth. (Hint: Density = weight + volume) 
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Chapter Summary 


Key Words _ The greatest common factor (GCF) of two or more monomials is the product of 
the GCF of the coefficients and the common variable factors. |p. 379] 


To factor a polynomial means to write the polynomial as a product of other 
polynomials. [p. 379] 


To factor a trinomial of the form ax? + bx + c means to express the trinomial as 
the product of two binomials. [p. 385] 


A polynomial is nonfactorable over the integers if it does not factor using only 
integers. Such a polynomial is called a prime polynomial. |p. 386 | 


A product of a term and itself is a perfect square. [p. 401] 


The product of the same three factors is a perfect cube. |p. 403] 
An equation of the form ax? + bx +c = 0,a # 0, is a quadratic equation. [p. 411] 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. The quadratic equation ax? + bx + c = 0 is in stan- 
dard form. [p. 411] 


Essential Rules Factors of the Difference of Two a — b? = (a+ bya — b) 
Perfect Squares [p. 401] 


Factors of a Perfect-Square a2 + 2ab + b? = (a+ by 
Trinomial [p. 401] a2 — 2ab + b? = (a — by 
Factors of the Sum or Difference a+ b3 = (a+ b)(a@ — ab + b?) 
of Two Cubes [p. 403] a — b3 = (a — b\(a@ + ab + b?) 


Principle of Zero Products [p. 411] 


SPSS SSHSSSOSSHSSEESHHHSHSHESESSSSESSHESTHESHOSESHSHSSSESSHHTHSHHESEHTSSTEBEHEED 


If the product of two factors is zero, Ifa-b = 0, then 
then at least one of the factors must a= Oor b= 0: 
be zero. : 


General Factoring Strategy |p. 405] 


1. Is there a common factor? If so, factor out the GCF. 


2. If the polynomial is a binomial, is it the difference of two perfect squares, the 
sum of two cubes, or the difference of two cubes? If so, factor. 

3. If the polynomial is a trinomial, is it a perfect-square trinomial or the 
product of two binomials? If so, factor. 

4. If the polynomial has four terms, can it be factored by grouping? If so, 
factor. 


5. Is each factor nonfactorable over the integers? If not, factor. 
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a Chapter Review 


1. Factor: 5x? + 10x? + 35x Ph, Tee eone, WAGs t= Sie 
oe NS _ 
3. Factor: 14y? — 49y® + 7y3 ac PACIOr 40693) tS eX) 
/ \ : : | / = | > \ 


(XO \y 


Paeractor: 10x* + 25x +Axy + 10y 6. Factory: 2lax — 35bx + 10by + 6ay 
weactor: b> — 13b + 30 See bactowse — ce 12 
/ 3G z mil 
2 : Ate Beg 
& actor; Vv + Sy — 36 = 1Os@ Factonssa- 15a)— 42 


Mee 9) ty — 
gt 74-4) 


ii Factor: 4x3? — 20x2— 24x 122) Paco ta 
30 wale 
13. Factor 6x? — 29x + 28 by using trial factors. 14. Factor 12y? + l6y — 3 by using trial-factors. 
5 Y / 4 
ome (A¥% +3) (lox: t 






—- l 


ZH 5 

y 

15. Factor 2x2 — 5x + 6 by using trial factors. 4 % 16. Factor 3x2 — 17x + 10 by grouping. 
or 


_ 
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17. Factor 2a? — 19a — 60 by grouping. 18. Factor 18a? — 3a — 10 by grouping. 
19. Factor-2y7— 9 20e Factoman- gmoney 

212 Hactorsx°* ql 2x" 7-36 22. Factor 64a> = 270° 

23 euhaclOm. lat ok 20 24, Factor: 2ix*y* -- 23747 = 6 

25. Factorm3a%— 91547 18a" 26. Solve: 4x? + 27x = 7 


27. Solve: @ + 1)@ — 5) = 16 


28. The length of a hockey field is 20 yd less than twice the width of the hockey 
field. The area of the hockey field is 6000 yd?. Find the length and width of 
the hockey field. 


29. A rectangular photograph has dimensions 15 in. by#12 in. A picture frame 
around the photograph increases the total area to 270 in?. What is the width 
of the frame? 


30. The lengths of two sides of a square garden plot are extended 4 ft, as shown 
in the figure at the right. The area of the resulting square is 576 ft’. Find the 
length of a side of the original garden plot. 
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€ Chapter Test 


Factor.ab + 6a — 3b — 18 2m actors.) 14> 11 61/7 

Factor 8x? + 20x — 48 by grouping. 4. Factor 6x? + 19x + 8 by using trial factors. 
Factor: a* — 19a + 48 Gr Factor, O42 Sx> a, 10% 

Pectorm 1 2% — 15 8. Solve: 4x2 -—1=0 

actor: 5x2 — 45x — 15 10>) Factorsp7 = 12p 4, 36 
Solverx(e—8)=-15 12. bactorsss Ixy 122 

actor 2/4 — & 14. Factor 6x2y2 + 9xy? + 3y? by grouping. 


426 


1 oy 


U7. 


19: 


ZA. 


23% 


24. 


pay 


Chapter 7 / Factoring 


Factor: 6a* — 13a? —5 


Pactora(p ere!) = (psa) 


Factor 2x? + 4x — 5 by using trial factors. 


Factor: 4a? — 12ab + 9b? 


Solve: 2a — 3)(a + 7) = 0 


16. 


18. 


20. 


Dope 


Pacior a, — 2) D& 22) 


Factor: 3a — 75 


Factor: x2 — 9x — 36 


Factor: 4x? — 49y? 


The length of a rectangle is 3 cm longer than twice its width. The area of the 
rectangle is 90 cm?. Find the length and width of the rectangle. 


The sum of two numbers is ten. The sum of the squares of the two numbers 


is fifty-eight. Find the two numbers. 


2W+3 
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11. 


13. 


oe Cumulative Review 


Sulteach —25-9(—3) — 5 — (—11) 


Evaltiate —2a- = (2b) — ec when a = —4 
band c = —1. 


, 


Suapiive => |4x —2(3.— 2x) — 8x] 


Solve: 3x — 2 = 12 — 5x 


120% of what number is 54? 


Graph y =; We Be 





Find the equation of the line that contains 


the point (—3, 4) and has slope <. 


Cumulative Review 427 


jx, Swaceyelliiaye (GS =O) (Beh) 





4. Multiply: 3 (—20x?) 


5 10 
6. Solve: a ae 


ey, Stalhyee = eee —= 1G = oh) ey 


105) Given ((@) =x? + 3x)— 1, find f(2). 


12-3 Graphex > 3y— 15. 





14. Solve by substitution: 8x — y = 2 
y=5x+1 
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15. Solve by the addition method: 16. Simplity: G3a-o7)- 
5x - 2y = —9 
ey 2 
17. MultiplyGe-- 2)G2 = 3x44) 18. Divide: (8x2 + 4x — 3) + (2x — 3) 
19. Simplity>(@ “y°)? 20. (RAClOn, 3a ei Ces. 
21 Factors 5073200)" 22> Bactor = oye ely 
23. Solve: 3x2 + 19x — 14=0 24. Solve: 6x? + 60 = 39x 


25. A triangle has a 31° angle and a right angle. Find the measure of the third angle. 


26. A rectangular flower garden has a perimeter of 86 ft. The length of the gar- 28 ft 
den is 28 ft. What is the width of the garden? 





27. Aboard 10 ft long is cut into two pieces. Four times the length of the shorter 
piece is 2 ft less than three times the length of the longer piece. Find the 
length of each piece. 


28. An investment of $4000 was made at an annual simple interest rate of 8%. 
How much more money was invested at an annual simple interest rate of 
11% if the total interest earned in 1 year was $1035? 


“ 


29. A family drove to a resort at an average speed of 42 mph and later returned 
over the same road at an average speed of 56 mph. Find the distance to the 
resort if the total driving time was 7 h. 


30. The length of the base of a triangle is three times the height. The area of 
the triangle is 24 in*. Find the length of the base of the triangle. 


b 
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Chapter Rational Expressions 





| Objectives 


Section 8.1 


A To simplify a rational expression 
B_ To multiply rational expressions 
C To divide rational expressions 


Section 8.2 


A To find the least common multiple (LCM) of 
two or more polynomials 


To express two fractions in terms of the LCM 
of their denominators 


B 
C To add or subtract rational expressions with 
D 





the same denominator 


To add or subtract rational expressions with In order to monitor species that are or are becoming 
different denominators endangered, scientists need to determine the present 
Section 8.3 population of that species. Scientists catch and tag a certain 


number of the animals and then release them. Later, a group 
of the animals from that same habitat is caught and the 
Section 8.4 number tagged is counted. A proportion is used to estimate 
: i the total population size in that region, as shown in 
A To solve rational equations f j 
Exercise 70 on page 465. Tracking the tagged animals also 


B To solve proportions fe Tete ; 
: ; aah assists scientists in learning more about the habits of 
C To solve problems involving similar 
that species. 


triangles 
D To solve application problems 


A To simplify a complex fraction 


Section 8.5 


A To solve a literal equation for one of the 
variables 


Section 8.6 


A To solve work problems 
B_ To solve uniform motion problems 


Section 8.7 


A To solve variation problems 


wile Need help? For on-line student resources, such as section 
>) quizzes, visit this textbook’s web site at 
WEB college.hmco.com/students. 


SOHO OHHHHHTOSHSHHHOHSHHHHSHTSHHHSHHHHSHHHHHHEHHHHSHEHHEHHSHHHHTSHHHSHEHHHHESHSHSSHES 





(aeedine | @Meorl and 25. 


For Exercises 2 to 5, add, subtract, multiply, or divide. 


34 ae IS 
ee 3 Se 
i 39 SS 
oe 3 di 
etna : oles 
23 
6) Evaluates. == 101 x = 2, 1s Solve 407) 1) =3G.— 2) 
Kote 


t ii 
8. at OVS |) 
Solve of5 ; 10(1) 


9. Two planes start from the same point and fly in opposite directions. The first 
plane is flying 20 mph slower than the second plane. In 2 h, the planes are 
480 mi apart. Find the rate of each plane. 


a“ 






If 6 machines can fill 12 boxes of cereal in 7 min, how many boxes of cereal 
can 14 machines fill in 12 min? 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 





Objective A 
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Multiplication and Division 
of Rational Expressions 


(o> SW he 

Zoe.) ; 

‘oy YW LY 
TUTOR WEB SSM 


A fraction in which the numerator and 5 xt) y+y-l 
denominator are polynomials is called a z’ Dye + Ay? + 1 
rational expression. Examples of ra- 

tional expressions are shown at the right. 


To simplify a rational expression 








Care must be exercised with a rational expression to ensure that when the vari- 
ables are replaced with numbers, the resulting denominator is not zero. 


Consider the rational expression at the Ax? — 9 
right. The value of x cannot be 3, because n= 6 
the denominator would then be zero. 437 0 eT 
a) 8 = rol Not a real number 


A rational expression is in simplest form when the numerator and denominator 
have no common factors. The Multiplication Property of One is used to write a 
rational expression in simplest form. 


x7 —4 
a: po ge 
Simplify Sree 
Kite Am as 2) Coe 2) 
Oe Ode 2) 
Demet te, | AN ae 2 
Ni es ite 2 |) ce 4 


e Factor the numerator and denominator. 











Wis 2 ee | e The restrictions x # —2,4 are 
eae ‘ cs necessary to prevent division 
by zero. 


This simplification is usually shown with slashes through the common factors. 
The last simplification would be shown as follows: 


x7 - 4 Gee?) 


= aS oe e Factor the numerator and denominator. 


x7 — 2x — 8 (x — Ae +2) 





He oD! 
a me x#—2,4 © Divide by the common factors. 
x 
10 + 3x — x? 
woo STIR BY AN Ee 
oY x? —4x-—5 
10 + 3x — x? 4 —(x? — 3x — 10) e Factor —1 from the trinomial in the 
Hae 5 xe] 4e = 5 numerator. 
1 
ae aa Kedar 2) exe) e Factor the numerator and denominator. 
(xe + 1)e—55) Divide by the common factors. 
1 
ae 





ee c= = lle5) 
Etats all 
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For the remaining examples, we will omit the restrictions on the variables that 
prevent division by zero and assume that the values of the variables are such 
that division by zero is not possible. 








eee 1 Be Try It 1 
Ax3y4 6x°y 
Snuplity:.——. Sim plilVteae5 
mplify éx4y plify 12x2y3 
Solution Your solution 
4x*y*  2y° —@ Use rules of 
6x+y Peer. exponents. 
A Pee cece ee ede S ESE SEO ESOS SEE SESEHOSEEE ESE SSEEEEOEES ESSE OS OEESSOSSESOOHESSSOOS HOES MOSSES ESOS SHSS SSS OSSESESOSEHOHSSESESEOOHHSSESSSSSSSHSOSSSSOHOOHSSOOS OS COSOLSSS OS 
example 2 You Try It 2 
9 — x? x? + 2x — 24 
Simp]iiv-arace eer Simoplil ¥teme-csanaeocmas 
a earn 2a) plity 16 — x? 
Solution Your solution 
OR i I eS) 








ee pe ee 


Se ee 
eS 3G a aw 





ee. 3 iy Try It 3 
2 2 
Seq hog — hoy 36 te he 
Si lify; ———————_ Simplify; ——————— 
phy x? — 7x +12 lly x? —3x+2 
Solution Your solution 


1 
Ke eeaal Seon) eee) Se ar) 
x*—7Tx+12 W—3)(«%-4) «x-4 
1 





Solutions on pp. S22-—S23 


os 
TUTO WEB SSM 


The product of two fractions is a fraction whose numerator is the product of the 
numerators of the two fractions and whose denominator is the product of the 
denominators of the two fractions. 





Objective B 3 





To multiply rational expressions 


Rule for Multiplying Fractions 


a c ac 
fF and 7 are fractions and b # 0, d # 0, then Te ge 
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x7 4+3x 2 «x? —- 5x +4 
vad ee | Oe aaa a2 yg pre eS 
malaply: x? -—3x-4 x?4+2x -3 


x? + 3x ie ae 
x? —3x-4 x*+2x-—3 














_ Xoo 3) (x — 4) — 1) e Factor the numerator and 
C4) Lb) Ge 3) el) denominator of each fraction. 
eee | 1 
= XE +3) AQ—T) e Multipl 
O—A4)x + D+ 3)O—1) ie 
anes e Write the answer in simplest form. 
32-46. Il 
Example 4 HYou Try It 4 
10x*- 15x 3x-2 12x? £:3x 8x — 12 
Multiply: : Multiply: —————- - ———_ 
Se 81 2x82 + 20x25 pe ee Ores) POs 18 
Solution Your solution 


10x*7-—15x 3x-2 
ieee 20x = 25 
Beers 3) (3x — 2) 
(Gi 2) 54 = 5) 


+ Bxc(2x = 3)(3e—2) pe Cities 5) 
AGB —=2)5(4x — 5) 4(4x — 5) 





J ane, ae eS nin ORR SS Be BREEN: Baro ROBB er RRA eR CURGR Arr EEOnE 
Example 5 “You Try It 5 
2 2 D ; D Z 
ge" ae = GO gk? ae Se fee te ee — Wy gee See = ae 
lh SS SS Itiply: : 
Py x? +7x+12 4 — x? Ay 9 — x? x? —7Tx +6 
Solution Your solution 


x+x-6 x*°+3x-4 
pee i2 | 4 = x2 

Mee (4-2) A= 1) 
Mama + 4) OC 20)ewR 


GAG Det+He-1_ x= I 
B+ AQ—H(2 +x) x +2 





Solutions on p. S23 
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©) © To divide rational expressions {f: 3) 














bere: b 
The reciprocal of a fraction is a — 
fraction with the numerator and : 
denominator interchanged. Fraction 4 x2=— —= Reciprocal 
1 x 
Xe x 
we Pcie 4 





Rule for Dividing Fractions 


Divide fractions by multiplying the dividend by the reciprocal of 
the divisor. 




















aadad 
The basis for the division GC OTe Cong ee! 
rule is shown at the right. De eh ee ie eG 1 bee 
Gl Gh 
Na See RO ee ees Sdn SaaS ee 
Example 6 A You Try It 6 
2 2 2 2 
pet Kyte ONG ety, Aut a a 
Divide: : Ditide 
a aneae? 2 Ce Abe? — 2b? 6be — 3b? 
Solution Your solution 
ae Chen Mowe Po) 
Zz = 
eee Ze 
Zz 6x? — 2xy 
ey 
“sya ye 
z-2x(3x—y) 
1 
Example 7 You Try It 7 
ne 2? ae 2 3x7 13x +4 hci eee Pies: ANG ese ae in 5 
Dx? +3x—2 2x? +7x—4 OE Wk =A ge) OE DNS 
Solution Your solution 


2x? + 5x +2 3x?+ 13444 

Ix? +3x—-2 2x? +7x—-4 
Belt Se 2 2x? + 7x —4 
~ 2x2 +3x—2 3x? + 13x44 


Pe 1) + 2)(2x =e +4) eet I 
a (Qe Tet 2)(3x ns 1+) maa 





Solutions on p. S23 
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8.1 Exercises 







Objective A 


“, 1. When is a rational expression in simplest form? 


x(x — 2) 
2Gc— 2) 





“", 2. Are the rational expressions and 5 equal for all values of x? Why 


or why not? 























Simplify. 
9x3 6x2 yee ANE 
a, aS oe Gy ee a 
12% 24xy @& = 3) (se all) 
3n — 4 5 — 2x 6y(y +2 12x23 — x 
7, 8. S yy, eee) Ti gee ae 
4 — 3n bee 5) vay = 2) 18x(3 3) 
6x(x — 5) 14x7(7 — 3x) a’ + 4a x? — 3x 
ih SS ye i. ===} 14. 
8x7(5 — x) 21x(3x — 7) ab + 4b 2x — 6 
4 — 6x 5xy — 3y y>— 3y +2 
> eae Ss === ES 
3x? — 2x 9 — 15x y? — 4y + 3 
oe ae se aks — 0 a HE 
, ae (ee 2 
Ne eee 15 OP ae Whe Gen = 
x*>+x-12 x? + 8x + 16 x? — 3x — 10 
oo 22. ———_—__ 2900 ——S 
oh x? — 6x +9 x? — 2x — 24 Ae 
4— 7 2x? + 2x? — 4x 3x? — 12x 
SS Se ; 26. 
ng rae oy 10 at See Te 3% 6x? — 24x? + 24x 
Be eT et ot 2n? — 9n + 4 x? + 3x — 28 
9o9) a aie 28. a 19 ee ea 
Cex 6 21 or 12 DA ae 2 eX 
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Objective B 


32. 


34. 


Chapter 8 / Rational Expressions 


Multiply. 
8x2 3y? 

30. 
Oye 4x3 


12x3y* 14a°*b* 
lab 7 





3x —6 10x — 40 





36. 


38. 


40. 


42. 


44, 


46. 


Seo) ee oe 


3x2 + 2x 2xy> — 3y° 
yay oe le 








x? + 5x44 a 
Re NE x? +2x+1 





2x? — 5x 2xy* + y? 
Day iy 5x? = 2x? 





MDA ok 0 
x?7-—5x—-6 x7+6x+8 





eo 20 55 ee + 3x — 18 
5 Ate x? + 9x +.18 





Sie 


33. 


55¢ 


Sue 


39. 


41. 


43. 


45. 


47. 


14a*b? 25x3y 
15x°y? 16ab 








18a*b* 50x°y° 
25x97 21a-b- 





8x = 12) 42x 21 
1A uk BS 2a AtS 





Age = 30 2D yor 5b° 
2by + 5b 4ax — 3a 








baie x7 + 2x —3 


x? + 13x + 30 Kye 


3a? + 4a? 3b? — 5ab? 
Sab — 3b 3a* + 4a 





i es a ee: ae 
x2 +3x—-4 x7-9x4+ 14 





y>+y — 20 iy ey 21 
y? + 2y —15 y? + 3y — 28 
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ig pam hee die 9 6 Ag) es ieee etek 20 
ce~ sr Gee ae 5) (3 se Dae — 3S i = 2 = 35 fe = 3a = We 
50 12x? — 6x Bee 51 8x3 + 4x? x7 -4 
x? +6x+5  4%7-1 * 47 —3x+2 16x? + 8x 
52 ONO Ot 27 53 lin 28 xe 7x 10 
pox — 10x —24 x7 = 17x + 72 " x27— 134 +42 20-x—-x? 
=n ge 2 ke 7X30 ae en ace AO 
"2x? + 7x +3 x? — 6x — 40 " x7 — 8x —48 3x7 — 22x - 16 
Objective C 
Divide. 
Ay2,3 Ons AS 
56. ieee 57. es =< 
15a‘b 5a-b 16a°b- 14a’b 
— Cc 28x + 14 14x + 7 
58. 6x 12, 18x 36 59. 5 we x 
Seo ee Ome 40 45x — 30 30x — 20 
a Bee ix 6x? + 7K A Sa*y + 3a” | 10ay + 6a 
"12x -3 36x-9 "2x2 + 5x2 6x? + 15x? 
apie eae ac ad aye xy" 
_, a 63. =—2—_ + == 
Teg! xy” eS ee ap eee Al 
oe: > — 14x + 49 ae xy® 
64. = eee — 65. > | yo teem 
xy xy xe —jix+30 x —' 7x + 10 
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4ax—8a 2y—xy 3x°y — Oxy 3x? — x? 



































: 5 67. 5 > 
ag a e ab ab- 
a a = See) x Oe 8 ae x? +3x—40  x?+2x — 48 
" 9? = 9x 418 x7 = 9% 4.20 i 235 aN aie Soe LO 
a xed Aa — 12 “6 yy-y—56 y’?— 13y + 40 
eee oe ay eh ye By aay aye 
oop Bt do pees Tae aie sa ee aiad 
Rr ee ALO ig tae, 04 i ie 10? 40 et 
74 DOK UI, SO — eee 75 6n27+13n+6 6n?+n-2 
2 i 08 ee 1 An 29 Ane a 
APPLYING THE CONCEPTS 
. 9) 
,76. Given the expression PO Ea choose some values of x and evaluate the 


expression for those values. Is it possible to choose a value of x for which 
the value of the expression is greater than 10? If so, give such a value. If 
not, explain why it is not possible. 


. ; 1 
77. Given the expression Ee choose some values of y and evaluate the 
ie 


expression for those values. Is it possible to choose a value of y for which 
the value of the expression is greater than 10,000,000? If so, give such a 
value. If not, explain why it is not possible. 


Complete each simplification. 














Zé Bea i Sey ea 
Simplify. 

300 cee 81. (2) « (2-2) 

al road les so Soe eae 
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Objective A | 


_ The LCM of 12 and 18 is 
_ 36 because 36 is the 
smallest number that 
both 12 and 18 divide 
evenly into. 


poesarneennynvonnann 


' TAKE NOTE 
/ The LCM must contain 
_ the factors of each 

i polynomial. As shown 

i with the braces at the 

_ right, the LCM contains 
_ the factors of 4x2 + 4x 
and the factors of 

| x24 Qn +1. 


Eeeseassncnorvonnsnnesstc to cencmRERASESCICE 


Pee eee ecreesesessesessesesssseeee 


Example 1 


Find the LCM of 4x’y and 6xy?. 


Solution 
Beye 2 2 x xX 
6xy2=2-3-x-y: 


Cee eee ewereseserssssseseseeesssee 


Example 2 


Find the LCM of x2 — x — 6 and 9 — x?. 


Solution 


439 


Section 8.2 / Addition and Subtraction of Rational Expressions 


Addition and Subtraction of 
Rational Expressions 


To find the least common multiple 


VIDEO 
(LCM) of two or more polynomials — 5 


aa cae 
erevBay) Taw : 
ey a ~CD & z ‘ 

7 ) TUTOR WEB 





The least common multiple (LCM) of two or more numbers is the smallest 
number that contains the prime factorization of each number. 


The LCM of 12 and i8 is 36 because Ue eo Le) 
36 contains the prime factors of 12 Went 72.2 ECT) 
and the prime factors of 18. Patton onl? 


ot 


LGMs— 36. 2-22. 3.- 3 








Factors of 18 


The least common multiple of two or more polynomials is the polynomial of 
least degree that contains the factors of each polynomial. 


To find the LCM of two or more polynomials, first factor each polynomial 
completely. The LCM is the product of each factor the greatest number of 
times it occurs in any one factorization. 


=> Find the LCM of 4x2 + 4x and x? + 2x + 1. 


The LCM of the poly- Ax? + 4x = 4x@ + 1) =2-2-x@ + 1) 
nomials is the product Ges de Jee 424) Sane se I Ge se al) 

of the LCM of the Factors of 4x? + 4x 

numerical coefficients 
and each variable 
factor the greatest 
number of times it 
Occurs: “Im any one 
factorization. 








ROMG— ee ex (ee Ge Lae a 1)Ge sa) 


Bacions @lececaee is tal 


POP me eee eee eee eee HEE EEO EDS HEHE REESE EE EESESS FESESESESESESEEHES EE SES SEES THESE SE EESEE SHEESH ES SI SESOSHSHOESEESOSES HSE EE HESSD EES 


‘You Try It 1 
Find the LCM of 8uv2 and 12uw. 


Your solution 


PPO e ee eRe OOOOH HEHEHE OTOH SO TED HHOEEHOOHHS, FHOHHHSO EHH SDESEH OT SESEHES SEES SOHO SOHO SHEESH EH FESTH OHO DHHSEOHHHHHH OH OOH OOOO OD 


You Try It 2 
Find the LCM of m2? — 6m + 9 and 
m2 — 2m — 3. 


Your solution 


x —x —6= &% —3)@42) 
Pee = (X= 9) = (x 3)(x— 3) 
GM ="(4 —"3)(% +2) (6 +3) 


Solutions on p. S23 
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+ = -—s-‘ To express two fractions in terms 
of the LCM of their denominators 





When adding and subtracting fractions, it is frequently necessary to express two 
or more fractions in terms of a common denominator. This common denomina- 
tor is the LCM of the denominators of the fractions. 
: : xt+1 ge = 3 ; 
™ Write the fractions +—7).and tomer gett terms of the LCM of the 
4x Gne> = il ee 


denominators. 


TAKE NOTE Find the LCM of the The Ek@Mias 12%20e= 2): 














MO ye denominators. 
3(x — 2) 2% For each fraction, mul- Ro 1 3G = 2) se oe 
We are multiplying each tiply the numerator Aye = “ye Ae =D Ti Gs 


fraction by 1, so we are 
not changing the value 
of either fraction. 


and denominator by 
the factors whose prod- 
uct with the denomina- 
tor is the LCM. 


w= 3 R= 2B 2K | Doge — (O)5% LCM 
6x2 —12x 6x(x—2) 2x 12x7(x — 2) 





0000 ee 0000 oF 800060500 e leer 850806000005 60600 00000500000 00s 060 0500 0080006 lee Mp eles evene ce ccc ccvicc se eseeveccceeecesceee csseeeeseeeciecsiceecicsiele Sia sis ae Sesias 








Example 3 You Try It 3 
5e oD xe = Il = 3 ee. ae Al 
Write the fractions ——— an in Write the fractions ——; an >— in tenuis 
3% 8xy 4xy Dez 
terms of the LCM of the denominators. of the LCM of the denominators. 
Solution Your solution 


The LCM is 24x’y. 


RD 2 Oy ee ORY OY, 
3x? 7 98x79 8 By, 24xy 




















8xy oxy ax 24x“4 

Example 4 You Try It 4 
D5 —A\ 0G = 4 yy 

Write the fractions ag and es in Write the fractions Pe eh and ae in 
terms of the LCM of the denominators. terms of the LCM of the denominators. 
Solution Your solution 

Zia ae Ie = II weet “ 
2x —x? —(x* — 2x) x? — 2x 
The LCM is x(« — 2)(x + 3). 

2x -1 pee ese 2x? + 5x -—3 p 





2x — x? Pe oe x(x — 2)(x + 3) 


4 


ae ee. - Pee ae ao 
e+xe%-—-6 w-2hae+3) x we—2)@+3) 





Solutions on p. S23 
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Objective C 


TAKE NOTE 




















Section 8.2 / Addition and Subtraction of Rational Expressions 441 
To add or subtract rational expressions ico ™m et PyY\ 
with the same denominator ga “ay “> Ae 
“| TUTOR WEB eh 
When adding rational expressions in which the denomi- Ce Cle CHC 
nators are the same, add the numerators. The denomi- i i jh 


nator of the sum is the common denominator. 





ee, [oa aes ele 2k 
iS 763 it toe aa os hoa ae 
I Note that the sum 
x 1 eo al Ceam®) is written in sim- 











au = = = 
Cet x 1 x 1 0 OU G+) c—1 plest form. 

When subtracting rational expressions in which the denominators are the same, 
subtract the numerators. The denominator of the difference is the common 
denominator. Write the answer in simplest form. 


1 











2x 4 ye ers oS 
Be careful with signs ek a 
_ when subtracting 1 
algebraic fractions. Note 
_ that we must subtract Siege! ii oe (Berl) (2x3) in BES ill Oe ee, 
_ the entire numerator aide cry ced x? -—5x4+4 — gt@ — 5x + 4 
| Dye ae Bh. 
(Oo veei i (264, 3) — 1 
eo 3. ee ie eee te et 
x? —5x +4 (e— 4)(x — 1) 1 
Example 5 Ke Try It 5 
fi 9 3 12 
PN Add: — + — 
xy XY 
Solution Your solution 
pie oh Pea? ~16 
ee Xk” ie r 
Example 6 You Try It 6 
3x7 x+4 se 7x +4 
Subtract: a ean Subtract: PTT ar ae 
Solution Your solution 
ae A 3x7 4) 
fa x? = 1 74 
3x? —-x -—4 
- eee 


epee 
‘a Ge — Det) wae 


Solutions on p. S23 


442 Chapter 8 / Rational Expressions 








(fone 7 You Try It 7 
Simplify: Simplify: 

2x7 +5 x? — 3x " x—-2 x7 -1 2x +1 x 
ese = 8 x 2 eee ees x2 —8x +12 x27 —8x +12 x*?-8x 412 
Solution Your solution 

2x7 +5 x? — 3x x-2 





5 3 CST a 
ee oe De 3 eee eet 
(2x? + 5) — (x? — 3x) + (x — 2) 








x? +2x -3 


2x7 +5 —-x7+3x4+x-2 





x? +2x-—3 





1 
RA eee Wa. 2 el 
x? + 2x -3 e+ 3) — 1) be = 


TAKE NOTE 


This objective requires 
using the skills learned 
in Objective 8.2B (to 
express two fractions in 
terms of the LCM of 
their denominators) and 
8.2C (to add or subtract 
algebraic fractions with 
the same denominator). 
Note the steps 
involved in adding or 
subtracting rational 
expressions: 


1. Find the LCM of the 
denominators. 

2. Rewrite each fraction 
in terms of the 
common denominator. 

3. Add or subtract the 
rational expressions. 

4. Simplify the resulting 
sum or difference. 


Solution on p. S23 


To add or subtract rational expressions cy Oh ’ 

with different denominators CD > <p 

TUTOR WEB /SSM 

Before two fractions with unlike denominators can be added or subtracted, 


each fraction must be expressed in terms of a common denominator. This 
common denominator is the LCM of the denominators of the fractions. 














f= 3 6 
= Add: i 
ef x?—-2x x*-4 
k= 2k = Hx — 2) — 4 = 2G 2) The LCM is x(% = 2)Gcsaaeas 
pea t ae Laat x+2 6 oe ¢ Rewrite each 
KD eA (2) pee 2 ee) Ce ae fraction with 


x(x — 2)(x + 2) as 


2 the denominator. 
CE =O 6x 


Se a Se 
(x? —x — 6) + 6x 
x(x — 2)(x + 2) 





© Add the fractions. 





tre 6 
x(x — 2)(x + 2) 
(Ge 6) Ge =) 





~ x(x — 2)(x + 2) 


The last step is to factor the numerator to determine whether there are com- 
mon factors in the numerator and denominator. For this example there are no 
common factors, so the answer is in simplest form. 
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ee a Fi ion cack oohhewoees 
Example 8 FYou Try It 8 
F mee SY, Sy ape ee ean Oe 
Simplify: ge Bie eS 4x Simplify: 8y = 3y as 4y 
Solution Your solution 
The LCM of the denominators is 12x. 
We ey Y 12 VE ey 
ze Be ae oe Be: 
P25 Loy F: Oy 
se Wee ae 
Moye et Oy Dy 2 Oy” 
I Be 1G 
: eR Ne ee cor cnc Mieke denen ak sjuw oan case eetiemstdatemsstanies NG ee an OT TE es Oech s Bia tac is bi eteatdadsbanae coo Ue 
Example 9 “You Try it 9 
2x 5 5x 3 
SubACt 3 _, SU DILACttaens m5 ea 
Solution Your solution 
Remember; 3-— x = —(x — 3). 
5) 5 =5) 
Theref aa ee SS 
© °3-x% —-@-3) x-3 
Dx ir 3) es ha a) 
x=3 See BSS 3 
Me a) ake 
x= 3 je = SB 
i i ee Shiono ote cshesreocerthodaiineancese een ty ne Mey Se ti cn, ee Sx. oases Retin suey tine Mucins 
Example 10 “You Try It 10 
2x 1 Ax 9 
Subtract: ns wee | Subtract: eel ees 
Solution Your solution 
MeCN is (2x — 3) + 1). 
25 1 





Dye = 8 Gee AI 

DX xt+1 1 Dee = 3 
Peeshetl £21 2x—3 

2x” + 2x 2x -— 3 
BOr=3a+1) @x—3)e #1) 

Oe aiek) 25 = 3)e 2x7 + 3 
Ore) 1) ~ Oe aaa) 











Solutions on pp. S23—S24 
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Example 11 


Vinee ee 
> tm 








Solution 
The L@Mas 
3 x" 3 
{a= = | == sr a 
Se te | eee 
z 3 g? 8 
=) Re oo 2 
; ae X 
Dy so etwacdecen goes rete de tone Coates «supe ceaeensceesemata cote dessin reese ce toate 
“Example 12 
BG B= Ze 
Subtract: _ 
Dig Aw x47 2% 
Solution 


D5 A) (ae) a ey) 
The LGM as 2xGa— 2). 























x Le Le x % emmys = 7s 
24 ee. 1) eae 
Eee Cae 2 
22) 

LAOS ae 
Dx 2) TY 2x =12) 
_@+ 4G) _ x +4 
a 2x(x—Z) 2x 
Bk Sees Re RU is See es SUES S oa sienslo Dae Naivas UES e ee ewes 
Example 13 
; ‘ ha so S) 4 
ee ea Oren i 
Solution 
The LGM is Qx + 1)@ — 1). 
3x +2 ) é 4 
D662 ee eh al, 
. BX ree 3 oe e 4 2 ti 
(De Wiad a Xela eel Pit 12k 1 
Bie a 6 iris 8x + 4 


a Try It 11 








1 
Sabuace 2 = = 
= 8 

Your solution 
WD cv cesccdedescstectdessveveussescoasstesesapsosstsenescebess <smntt—————n 
EYou Try It 12 

i= 8 a= % 
Add: 
fe Bie ile = DS 

Your solution 
A COCO ee OEE EHH OHS ESSE SESE S SESS SS ESESSESOSSSSHSSESESOSSSOS SS SOSSOSSOOGOOOOSOS 
You Try It 13 

ee = 3 5) 1 
Simplify: 
Imp ee ee 


Your solution 





~ Geet On+ Dig) 
(3x + 2) — (3x — 3) + (8x + 4) 
a (2x + 1)(x — 1) 
Be 2 3xb 3 ox tt 4 TS 8x + 9 
(2x + 1)(x — 1) ~ (2x + 1) — 1) 








ee Lee 1) 


Solutions on p. S24 
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8.2 Exercises 


Objective A 





Find the LCM of the expressions. 


i 


13. 


16. 


19. 


Pa? a, 


25. 


28. 


31. 


8x3y 
xy 


8x2 
4x? + 8x 


Oxo: 2) 
LAGS sew Ale 


Cat) (x + 2) 
nee (4+ 3) 


Ce? (ot 2) 
Ca)? 


x*—-x-6 


x2?+x- 12 

x? — 10x + 21 
x? — 8x + 15 
x2 — 7x — 30 
x2 — 5x — 24 
2x2 — 9x + 10 
2x2 +x - 15 
5 + 4x — x? 

= 5 

Re ae Al 


Pa 


10. 
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6ab2 
18ab3 
6y? 
4y + 12 
8&x-(% = 1)? 
0x2 Ge) 
145 (2 leer 4) 
Os ae ING See) 
17. x-1 
= 2 
Ge = ING = 2) 
2058 oO 
x?+ 5x -— 14 
23. x* — 2x — 24 
x? — 36 
26. 2x2 — 7x +3 
2x2 +x - 1 
29. 64+x-x2 
xe se 2 
R= 3 
32. x2 + 3x — 18 
3 = & 
ge ar © 


11. 


10x 
15x3y 


2x7, 
3x2 + 12x 


SEG are) 
2S Ax 2 


15. 


18. 


21; 


24. 


Pat (5 


30. 


33. 


12. 


(2x + 3) 
(Zee) 


12a2b 
18ab3 


Axy? 
Gxy? = 12,2 


alge == {|p 
2x2 — 12x + 18 


5) 


(co 4) (x ="3) 


a 
se = 3 
Oe 
x2 — 3x — 28 


x? + 7x + 10 


x? — 25 
3x2 — 11x +6 
3x7 + Ax "4 
15 + 2x — x? 
= 5 

gee S 
x?—5x +6 
il = 

= © 
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Objective B 





Write each fraction in terms of the LCM of the denominators. 
























































Objective C 


56. Explain the procedure for subtracting rational expressions with the same 
denominator. 


Add or subtract. 


3 
STs 








ae ae ast ae 36. ae 

37. oe aoe ee aa > Eee 
40. ee 41. — x aay 42. 55 
43. aS 44, eos 45. a 
46. sd a7. oe 48. i, 
49. a 50. sos Se aera 
52. =). Ry, a 22; = 

a4; Oe ote ae: x7 i ers 
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oe: 3 : 6 x : 6 ee ao yo 3 ops er 1 ie 

63, tl, 3xt6 gg, 1243, 3x78 Pep ee a, 
ae 3 Ke 3 20 ee = 2, x9 x+9 

we pac > =m eh ee rd 7 7 oa a - = = 

3S UE eerie eae 

fas see “SS a it 30 ies Fe ae : Gee. ne 6 

US: as ae 4 aan Oe : ee 12” 2 : a 12 

=r 2x? + 3x 2x? — 3 Ag oar 





2 +3 ee 
3e° = Se te WO) ee Se EA) ge = Oe = WY) 


2x7 + 3x x? — 3x+21 x-—7 


4 0- x*—2x—63  x7-2x-63 x?—2x-—63 





Objective D 


3 77. Explain the procedure for adding rational expressions with different 
denominators. 


Add or subtract. 
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447 


448 


81. 


84. 


87. 


90. 


Doe 


96. 


Deh 


102. 


105. 


Chapter 8 / Rational Expressions 


2) Eee 
3a = 4a 

2. 
She eI 





R= ae 
+ —— 








6x 8x 
eh ees) 
Dy 18y 





ge =I gear il 
— + 
4x" Dx 


1 
Le 


x + cd Sake, 
6x 8x7 








Ag a3. 2 | 
+ ; 
3x7y 4xy* 















































CS 2 
+ 








She = 1 2x + 3 
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108. 


114. 


117. 


120. 


123. 


126. 


123: 


Pal 5 























6y? Oxy 
6 ul 4 
e= 7 gear 3 
She 2 
+ 
8 = 4 aE 
2a 5 
+ 
@=T Tra 
y 1 
y—-16 y-—4 
Oo) 
(Ga): 
sie = Il 


2 eae eas 





3 








109. 


112. 


115. 


118. 


i210 


124. 
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- 5 2 5 
aa 110. 
a) ES ! ey 
3 4 2x 
—— 113. — 
VO eee Vi 3 oecr Ih gr are} 
4x 2) 6x 3 
116. = 
DEM Me Sines) 585 Gey Pe ee) 
4x 5) ay 3 
a 119°; 
OX ika= O pir Ok Tg aoe) 
2% 3 (x — 1)? 
=== = 122. —=——~]~ = 1 
x>-x-6 x+2 (ge ae Ie 
= Zz i258 
ae a 1 ex aay, Vares 
20h Ze 
ele a —7a+12.a-3 
BS 2 
129. 


a 
x? — 3x — 10 





SS oe 


449 


450 
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1 x eae x =) Lies 
130. ; 131. 
ay eC St MeO Peeiera Oe 0) x-4 «+5 x? +x%=20 
SX La Karl Ages I a3 a2 49x +4 
132. 5 133. = 
C2 SHS a As x-8 x+4 x? — 450 aZ 
2xn+9 x+ x? + 3x = che se +1 4x? —33eeel 
134. x x ae SG 135. Ue ek 2 i Be 
SS ore. a eek x5 2x xo oe 
APPLYING THE CONCEPTS 
136. Simplify. 
e CmeS ae eC pane b ee ed eee 2 
ae a Ne D "2 4+2x—-8 x? +2x-3 x-1 
137. Rewrite the fraction as the sum of two fractions in simplest form. 
a 3x + 6y b 4a* + 3ab 3m?n + 2mn? 
RY ab. 12men? 
138. Let f(x) = ——, e(x) and S(x) NS Tee te (4), 2(4) 
2 x)= x(x) = ; x)= = . Evalua , 2(4), 
TS gene? Gees) Fe — 3 0 _ = 
and S(4). Does f(4) + 2(4) = S(4)? Let a be a real number (a # —2, a # 3). 
Express S(a) in terms of f(a) and g(a). 
139. Suppose you drive about 12,000 mi per year and that the cost of gasoline 
averages $1.60 per gallon. 
a. Let x represent the number of miles per gallon your car gets. Write a 
variable expression for the amount you spend on gasoline for 1 year. 
b. Write and simplify a variable expression for the amount of money 
you will save each year if you can increase your gas mileage by 5 mi 
per gallon. 
c. If you currently get 25 mi per gallon and you increase your gas 
mileage by 5 mi per gallon, how much will you save in 1 year? 
©. 140. When is the LCM of two expressions equal to their product? 
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Point of Interest 
a me 








: 1 : 
fraction is used to 
1 1 


ind an 
determine the total resistance 
in certain electric circuits. 


First of all, we are 
multiplying the complex 

2 
fraction by = 

a 
which equals 1, so we 
are not changing the 
value of the fraction. 
Second, we are using 


the Distributive 
Property to multiply 


; 4 
i [1 = She and 
% 


' [ oe he 
: a 


sssmniesanoneesaaen 


sesceseeecnontcsecsbee sens 


| TAKE NOTE 


_ Recall that the fraction 
bar can be read 
“divided by.” 
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Complex Fractions 
VIDEO fy Wy raps 

To simplify a complex fraction ~~ We a 
A complex fraction is a fraction 1 

Ast: ee 4+— +x + 3 
whose numerator or denominator 3 x | 
contains one or more fractions. 1’ , 1 
Examples of complex fractions are 2 — 5 Sey Ae 8) ST aah 


shown at the right. 





4 

lt) 

: : Xx 

=> Simplify: 5 
1+— 

i 


Find the LCM of the denominators of the fractions in the numerator and 
denominator. The LCM of x and x? is x2. 














1 4 1 4 e Multiply the numerator and denominator 
x? x2 x? by the LCM. 
= ee 
(eo Rute 
i x 
9) 4 2 2 . 
le Age aa ¢ Simplify. 
_— x 
nie cote 
UTP Oly Glee ial ain ae a 
XG 
1 
De ee 4 
x? + 2x x(x+2) 
1 
a 





The method shown above of simplifying a complex fraction by multiplying the 
numerator and denominator by the LCM of the denominators is used in 
the examples on the next page. However, a different approach is to rewrite the 
numerator and denominator of the complex fraction as single fractions and then 
divide the numerator by the denominator. The example shown above is simpli- 
fied below using this alternative method. 
































4 gee APNE Cae Ay och ¢ Rewrite the numerator and denomi- 

a Be i a oe ee Re nator of the complex fraction as sin- 
a oi foe. ee gle fractions. 

eae lS a 

x OR ie. EK % 
a SA nee ® Divide the numerator of the complex 
xP ee ee fraction by the denominator. 
= Ca Str ee Ny i © Multiply the fractions. Factor the 
2% t+ 2) x(x +: 2) numerator. 
sae © Simplify. 


x 


Note that this is the same result as shown above. 
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cous 1 “You Try It 1 
| aoe (Mil 
oe Ses 
Simplify: : ; Simplify: oa 
as 9-2 
Solution Your solution 
The LCM of x, 2, x2, and 4 is 4x?. 
jf | le 1 
—+— —+— 5 4x27 +=: 4x? 
le et ee oe 
[eet ei tee 1 
s-5 3-— <4? — 5+ Ax? 
a eA ie eee 
1 
_ 4x + De Eee Oe eee 
4 — x? OF x2 x) aes 
/ Example 2 I You Try It 2 
3 20 20 
de om TD Macc 
Simplify: a Simplify: 
ge = IN sk 30 
c+ 84+ 
Be ap a! ee x—5 
Solution Your solution 
The LCM is x + 4. 
20 
ie = 03 Se 
x+4 
I == aA 
(eS 
ConA 
20 
x-8+ 
i ‘ CHAU eee 
24 c+ 
Preenikeye fa 
x+4 


deo qv) <A Geo Ae 





20 
ee) 


Xx 





x(x + 4) — 10(« + 4) + -(x + 4) 


xa 4 
x? Ag = Seo 420 x 4 = 12 
x? +4x—10x-40+24 x?-6x-16 





1 
OE) ae 
(x = 8) +2) sae: 





Solutions on p. S24 
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8.3 Exercises 






Objective A 







































































Simplify. 
3 
—o. ae 2-—- 
1. 2. x x EG 
ee is pea 
x? x? r+4 
25 
5- 1+ 2 2- HM 
4 eas 5 SY 6 De = || 
‘ en 3 } + 2 ee iby? 
eh) yi) 2Xe=l 
D 3 1 
4 — 5 + eee 
7 x +7 8 = 8 9 fe ee 
; 1 1 ‘ 9 
=F = | === 
5 KET = 8 5 
a 4 oe te) Vi Ae 
10 a 11 aes 12 me & 
; De es} i 6.5 z 1 220 
a i) te == se 1 a eS 
eas BAe aiehtas 
6 68 Cees 4 
ee Se ae ae 
{ —ie oe la a ies 
Ae 3 > ? 1 
ee See ie! es 3 
ae x bogs es x + 
1 R SG =) 
y + ~ ~ 
= 2x +1 3x el 
16. —- 17. = 18. 7 
— iS ikea 
= 2x +1 a 
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* 4 
: rey af Ga = 2 
19. 5 20. 5 
; _— Ouse 
x +3 an oy Ae © 25 
7+ —6+ ie 
: x — 1 ’ 2y +3 
228 23. TI 
—3+ »— 5 + 
r= 3 | Vea Me 
2 18 
= Bhs epresy 
eS ae 
25. 26. 
: re 8 4 6 
i ae ees 
3 Hl 3 ath 
n+ 1 nN | 
3 29. 
28 5 a 9 4 5 
n + 1 nN xe Pee = WN 
APPLYING THE CONCEPTS 
Simplify. 
1 1 
31. 1+ i 32) i emer 
1+ 1+ 
2 
1+ = 


34. 


Aha 





How would you explain to a classmate why we multiply the numerator 
and denominator of a complex fraction by the LCM of the denominators 
of the fractions in the numerator and denominator? 


ZAG 


24. 


PAT be 


30. 


33: 


36. 


























10 
+ = 
ee 3 eae 
20 
7 + 2 — ——— 
“ 5 = 6 
12 
Dee = il 
9 
c+1- 
. ro | 
ah y) 
ge 6 = Il 
3) 1 
9 = jl 
4 3 
See qe ila 
or D 
we Sie ae il 
1 
7 an 
J --— 
By 
l+x! 
1—x! 
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Objective A 





TAKE NOTE 


Note that we are now 
solving equations, not 
operating on expressions. 
We are not writing each 
fraction in terms of the 
LCM of the denomi- 
nators; we are mul- 
tiplying both sides of the 
equation by the LCM of 
the denominators. 


SSRLOSRRLER ECCI NSU 
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Rational Equations 
To solve rational equations #0WB ] @ ny LY 


Ge 
TUTOR WEB 





To solve an equation containing fractions, clear denominators by multiply- 
ing each side of the equation by the LCM of the denominators. Then solve for 
the variable. 


see = Il 2 ih 














= SO Naren“ patres 
ieee he fe © The LCM of 4x, 3x, and 6x is 12x. 
Ax Sx ee Ox 
12x(# =i a =| = 12x (2) ¢ Multiply each side of the equation 
4x BG 6x by the LCM of the denominators. 
12x(# = ‘ a iioe (=| bye (2) ¢ Simplify using the Distributive 
4x 3x 6x Property. 
(= = 3 ‘ =a 2 < a | 
| 4x ieee il ews 
3(3x — 1) + 4(2) = 2(7) ¢ Solve for x. 
9x — 3 +8 = 14 
9x +5 = 14 
9x = 9 
x=1 


1 checks as a solution. The solution is 1. 


Occasionally, a value of the variable that appears to be a solution of an equa- 
tion will make one of the denominators zero. In this case, the equation has no 
solution for that value of the variable. 



































DX 4 
=> Solve: —;> Sos goers 
2 4 
i 
Kae X= 2 
2% ¢ The LCM is x — 2. Multiply each 
=D SiGe = 
: aN =). C afi if x 5] side of the equation by the LCM. 
2 ee Fou 4 e Simplify using the Distributive 
— = ye ee al = = 2 Property and the Properties of 
‘ ' Fractions. 
(Gee IM) iB (e—2) 4 
. = — . + . 
1 ca aged 1 Cs 
1 
2S 24 © Solve for x. 
2X 2 
x=2 


2x 4 
When x is replaced by 2, the denominators of ~ 5 and ——, are zero. There- 


fore, the equation has no solution. 
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Be widens da nlowiknscsauom arene cee sue ces ata uasaee a naeeee rede aueeace covonemeceanees  acnssesitsocsasssessccceetneevebe ses dtltocdene come Renmetce eta 
» Example 1 You Try It 1 
ee Pk pees o's) 
Solve: arcpe Solve: igre rts 
Solution Your solution 
The LCM is x + 4). 
eee 
sapdb 9% 
38 2 
x(x +4 = x(x + 4)(= 
ae (- + 4 ae: (=) 
1 T ; 
x(%e+ 4) ma x(x + 4) JZ 
1 a+ 1 & 
1 
x? = (x + 4)2 
ra 7% + 8 
Solve the quadratic equation by factoring. 
x2? —2x-—8=0 
(4) (Cone) ea) 
x—4=0 x+2=0 
ge = 4 a 
Both 4 and —2 check as solutions. 
The solutions are 4 and —2. 
j Example 2 You Try It 2 
co 12 ee ee 
SOG he ear CONC trae oar eS 
Solution Your solution 
The LCM is x — 4. 
3x 1. 
See 
se = 7k 5g = 
3 De 
@ » Sa) == 45+ 
4 
e—4) 23x (4— 4) 12 
= (x — 4)5 + aba 1 # 
re an ae 1 x4 
| 1 


3X (ee) Date 12 
3k = oe = 20 eal 
Mae Syn = {el 
—2x = —8 
x=4 


4 does not check as a solution. 
[he equation has no solution. 


Solutions on p. S25 
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Objective B To solve proportions 


woe eeecesescresesessseeses 


Example 3 


Solve: rks 


Solution 
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Quantities such as 4 meters, 15 seconds, and 8 gallons are number quantities 
written with units. In these examples, the units are meters, seconds, and gallons. 


A ratio is the quotient of two quantities that have the same unit. 


The length of a living room is 16 ft and the width is 12 ft. The ratio of the length 
to the width is written 


16ft 16 4 A ratio is in simplest form when the two numbers do not have 
(OMe ee a common factor. Note that the units are not written. 


A rate is the quotient of two quantities that have different units. 


There are 2 |b of salt in 8 gal of water. The salt-to-water rate is 


PEM oe cll 
Segal 4 gal 


A rate is in simplest form when the two numbers do not have a 
common factor. The units are written as part of the rate. 














A proportion is an equation that states the equality 30 mi 15 mi 
of two ratios or rates. Examples of proportions are Ache ey 
shown at the right. Ae 
| We 
ae 
oe 4 8 
=>» Solve: —- ==> 
5 3 
= = Zi ¢ The LCM of x and 3 is 3x. 
eee 
4 pa fee , ‘ : 
BX | en ¢ Multiply each side of the proportion by 3x. 
x 
12 = 2x ¢ Solve the equation. 
6= 


Pee eee e sear eee sO eee EH THEO EEET SOSH SO EEESESOH SEH SES FESHOHEHSESESEETEO SESH SESE SEESSHEHEH SEH EE HES ESET SEESEH EE EEHESHEHEESESEESES EOS OD 








‘You Try It 3 
Due ape 6 
SONS Sy — oe ee 
=— Your solution 
fear oe 
4 
S = 10a 3)— 
nG 
8x = 4 + 3) 
8x = 4x + 12 
4x = 12 
x=3 


The solution is 3. 


Solution on p. S25 
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Objective C 





To solve problems involving similar triangles 


Similar objects have the same shape but not necessarily the same size. A tennis 
ball is similar to a basketball. A model ship is similar to an actual ship. 


Similar objects have corresponding parts; for example, the rudder on the model 
ship corresponds to the rudder on the actual ship. The relationship between the 
sizes of each of the corresponding parts can be written as a ratio, and each ratio 


will be the same. If the rudder on the model ship is aa the size of the rudder on 
the actual ship, then the model wheelhouse is a the size of the actual wheel- 
house, the width of the model is a7 the width of the actual ship, and so on. 


The two triangles ABC and DEF 
shown at the right are similar. 2 
Side AB corresponds to DE, side Le 9 4 
BC corresponds to EF, and side 
AC corresponds to DF. The height \ aes yp K E 
CH corresponds to the height FK. ieee 
The ratios of corresponding parts 
are equal. 

AB 4 | AC 2a BC. eal GH _ |isam 


=a ) 5 SSlyrls eat d SS=S>>=|_- SS = 
DE 8 3°) VDF 6 DLE) eee FK 30 


yy 














Since the ratios of corresponding parts are equal, three proportions can be 
formed using the sides of the triangles. 

AB_AC AB __BC AC _ BC 

DE DF DE 7 fr. 4) Dr er 
Three proportions can also be formed by using the sides and height of the 
triangles. 





ACE AG ce rence 
DE. au DE FRa ae Ep eLrk 
™ Triangles ABC and F 
DEF at the right are 
similar Find the C 
height of triangle a 
ABC. A 5in. HB D 12 in. GE 
AB _ CH ¢ Solve a proportion to find the 
DE FG height of triangle ABC. 
5 _CH 
12, 3 
5 GE 
12° 12 
M2 5 
“1 = AY(CIED) 
1.25 = CH 


The height of triangle ABC is 1.25 in. 
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TAKE NOTE 
_ Vertical angles of 
' intersecting lines, 
_ parallel lines, and 


angles of a triangle are 


_ discussed in the chapter 
titled “Geometry.” 


Seeeesccessseseseesestesssesessoe 


Example 4 
In the figure at 
the sight, AC is 


parallel to BD and 


angles C and D are 
right angles. Find 
the length of DO. 


Strategy 
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The corresponding angles in similar triangles are equal. Therefore, for the tri- 
angles in the last example, 


flap = SEND) Bia, and JAC = “48 


It is also true that if the three angles of one triangle are equal respectively to the 
three angles of another triangle, then the two triangles are similar. 


A line segment DE is drawn parallel to the base 

AB in the triangle at the right. 2x = 2m and 

Zy = Zn because corresponding angles are 

equal. ZC = ZC, and thus the three angles of 
triangle DEC are equal respectively to the three 

angles of triangle ABC. The triangle DEC is \ 
similar to the triangle ABC. 





The sum of the three angles of a triangle is 180°. If two angles of one triangle are 
equal to two angles of another triangle, then the third angles must be equal. Thus 
we can say that if two angles of one triangle are equal to two angles of another 
triangle, then the two triangles are similar. This fact is used in Example 4. 


BYou Try It 4 
10 cm 


In the figure at 
themyrighta. A bans 
parallel to DC and 
angles A and D are 
right angles. Find 
the area of tri- 
angle AOB. 





D 7cm B 


Your strategy 


ZC = ZD because they are right angles. 

Zx = Ly because they are vertical angles. 
Therefore, triangle AOC is similar to triangle 
BOD because two angles of one triangle are 
equal to two angles of the other. Use a 
proportion to find the length of DO. 


Solution AG. = oe. Your solution 
IDE = =I1De 
4 a 3 
Tao 


4 3 
7(DO) = = (DO) 55 


4(DO) = 7(3) 
4(DO) = 21 
DO = 5.25 


The length of DO is 5.25 cm. 


Solution on p. S25 
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To solve application problems 





is 


: Example 5 "You Try It 5 
The monthly loan payment for a car is $28.35 Sixteen ceramic tiles are needed to tile an 
for each $1000 borrowed. At this rate, find the area of 9 ft?. At this rate, how many square 
monthly payment for a $6000 car loan. feet can be tiled using 256 ceramic tiles? 
Strategy Your strategy 


To find the monthly payment, write and solve a 
proportion, using P to represent the monthly 
car payment. 





Solution Your solution 
28.35 ae 
1000 6000 
28.35 P 
6000( 7 | = 6000( <5] 
170.10 =P 


The monthly payment is $170.10. 


fe 


fl Example 6 You Try It 6 
An investment of $500 earns $60 each year. At Three ounces of a certain medication are 
the same rate, how much additional money required for a 150-pound adult. At the same 
must be invested to earn $90 each year? rate, how many additional ounces of this 
medication are required for a 200-pound 
adult? 
Strategy Your strategy 


To find the additional amount of money 

that must be invested, write and solve a 
proportion, using x to represent the additional 
money. Then 500 + x is the total amount 


invested. 
Solution Your solution 
Sy 
500 500 +x 
or 720 \ 
25 500+x 


3 
25(500 +o(35] = 25(500 ered 


(500 + x)3 = 25(90) 
1500 + 3x = 2250 
3x = 750 
x = 250 


An additional $250 must be invested. 


Solutions on pp. S25—S26 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 8.4 / Rational Equations 461 


8.4 Exercises 


Objective A 

































































Egg Ms) 1 BG 1 1 x {ex 1 
1. —- ==-= 2. =--=— . oot Sete 
Sh eed 2 Ee Sy : Be G 
ea Laas oe 
4 2) ae 5. 2x Seek Mae 6 Sete eed 
Oem. 69 6 8 ee San ie 3 12 2 
6 12 9 
ies PODS iia rela 
5 8 
10. g =3 11. 2+—=7 12. 3+—=5 
Al —= Bye a6 n 
2 D 
13. ee = 4 14. Vee 15. —+5=9 
6 3 4 Se 
oe 3 1) WE Saeed 1S ape ae 
2 3 5 —3 —3 2 
= 3 = 21. = 
ne 3x -1 4x41 Zo 3x -4 1-2x 2x+5 x«-1 
4 2 4x bye Doe Gs 
= O32. +5= 24. iS 
aad Sy al ie a | Xue. ~=4 a ed Mae 2 
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Pa, 2 ae 


Zoe 


Sil, ge se 

















Objective B 


> 


& 








Solve. 

36. <=3 

39. 2-2 
ge ries 
45, 5 == 
48. z 


_ 35. What is a proportion? 





26. 


29: 


32. 


34. How does a ratio differ from a rate? 


Bd. 


40. 


43. 


46. 


49. 

















Ee ee 4 

+4 ~ x+4 
Re 

C4. ee 
a On eee 
p= 3 f= gs 

ee 

ge 

oa eae 

1 6 

oe 20 

lil ge=3 

A 3X, 

4 8 

‘> ae 

eo od Oe 




















PAM bs 


30. 


33. 


38. 


41. 


44. 


47. 


50. 




















coe 
x = Il 

5 — 
Bl} ae 2 
ieee 
yy = 2 
ane 
OT 
Shee: 
5 10 
oa 4 

ie Se 4b Ml 
x—6_ x 
3 5) 
2x, x —2 
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Objective C 
Triangles ABC and DEF in Exercises 51 to 58 are similar. Round answers to the nearest tenth. 


51. Find side AC. 52. Find side DE. 


a4 Cc 8 in. 
ey A 8 in. B D E 


A 4cm B 9cm EB 
53. Find the height of triangle ABC. 54. Find the height of triangle DEF. 
. 
G 12m & 
as 3 ft! 9 ft 
ale 
A B D E A 3 
55. Find the perimeter of triangle DEF. 56. Find the perimeter of triangle ABC. 
F 
G 
9 ft Ticsyaua 10m 
Suit 6 ft 
Ao 4h 3B D 6f &E epg UI Bey mn 
57. Find the area of triangle ABC. 58. Find the area of triangle ABC. 
F 
| 
a ZS i S 
15 cm! 
| | 
| | 
= | = | 
, ee — = ae —— 
sa Z 7 Ae le2) Cine: D 22.5cm 
59. Given BD || AE, BD measures 5 cm, 60. Given AC || DE, BD measures 8 m, 
AE measures 8 cm, and AC measures AD measures 12 m, and BE measures 
10 cm, find the length of BC. 6 m, find the length of BC. 
B 
D Hi 
B D 
A C 
A iB 
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61. Given DE || AC, DE measures 6 in., AC meas- 62. Given MP and NQ intersect at O, NO meas- 
ures 10 in., and AB measures 15 in., find the ures 25 ft, MO measures 20 ft, and PO meas- 
length of DA. ures 8 ft, find the length of QO. 

B Q 
M 5 P 
D E 
N 
i (e 

63. Given MP and NO intersect at O, NO meas- 64. Given MOQ and NP intersect at O, NO meas- 
ures 24 cm, MN measures 10 cm, MP meas- ures 12 m, MN measures 9 m, PQ measures 
ures 39 cm, and QO measures 12 cm, find 3m, and MQ measures 20 m, find the perime- 
the length of OP. ter of triangle OPQ. 

Ny B Q 
N g pes 
Q 

65. The sun’s rays cast a shadow as shown in the diagram at BS 
the right. Find the height of the flagpole. Write the answer in a 
terms of feet. ae 5 

_-7 65 ft 9 in. 
Beye 
ke 30 ft ee] 


66. Similar triangles can be used as an indirect way to measure 
inaccessible distances. The diagram at the right represents a 
river of width DC. The triangles AOB and DOC are similar. The 
distances AB, BO, and OC can be measured. Find the width of 


the river. 


67. The diagram at the right shows how surveyors laid out 
similar triangles along a ravine. Find the width, w, of the 


ravine. 
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(O} 6) [<TH 11-9 9D) Application Problems 





68. 


69. 


70. 


71. 


124 


73. 


74. 


75. 


76. 
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Simple syrup used in making some desserts requires 2 cups (c) of 


2 oe ‘ 
sugar for every ae of boiling water. At this rate, how many cups of 


sugar are required for 2 c boiling water? 


An exit poll survey showed that 4 out of every 7 voters cast a 
ballot in favor of an amendment to a city charter. At this rate, how 
many voters voted in favor of the amendment if 35,000 people 
voted? 


As part of a conservation effort for a lake, 40 fish are caught, tagged, and 
then released. Later 80 fish are caught. Four of the 80 fish are found to 
have tags. Estimate the number of fish in the lake. 


tae ae oe 
On a map, two cities are 2, in. apart. If 3 in. on the map represents 


25 mi, find the number of miles between the two cities. 


The lighting for some billboards is provided by using solar energy. If 
3 small solar energy panels can generate 10 W of power, how many pan- 
els are necessary to provide 600 W of power? 


A soft drink is made by mixing 4 parts carbonated water with every 
3 parts syrup. How many milliliters of water are in 280 ml of soft drink? 


An air conditioning specialist recommends 2 air vents for each 300 ft? of 
floor space. At this rate, how many air vents are required for a 21,000- 
square-foot office building? 


A laser printer is rated by the number of pages per minute it can print. An 
inexpensive laser printer can print 5 pages every 2 min. At this rate, how 
long would it take to print a document 45 pages long? 


A company decides to accept a large shipment of 10,000 computer chips 
if there are 2 or fewer defects in a sample of 100 randomly chosen chips. 
Assuming that there are 300 defective chips in the shipment and that the 
rate of defective chips in the sample is the same as the rate in the ship- 
ment, will the shipment be accepted? 
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To conserve energy and still allow for as much natural lighting 
as possible, an architect suggests that the ratio of the area of a window 
to the area of the total wall surface be 5 to 12. Using this ratio, deter- 
mine the recommended area of a window to be installed in a wall that 
measures 8 ft by 12 ft. 


Leonardo da Vinci measured various distances on the human body in 
order to make accurate drawings. He determined that generally the 
ratio of the kneeling height of a person to the standing height of that 


me) é : 3 F : 
person is 7. Using this ratio, determine the height of a person who has 


a kneeling height of 48 in. 


In one of Leonardo da Vinci’s notebooks he wrote that “.. . from the top 
to the bottom of the chin is the sixth part of a face, and it is the fifty- 
fourth part of the man.” Suppose the distance from the top to the bot- 
tom of the chin of a person is 1.25 in. Using da Vinci's measurements, 
determine the height of this person. 


A painter estimates that 5 gal of paint will cover 1200 ft’ of wall space. 
At this rate, how many additional gallons will be necessary to cover 
1680 ft?? 


APPLYING THE CONCEPTS 


81. 


@ 84. 


Three people put their money together to buy lottery tickets. The first 
person put in $25, the second person put in $30, and the third person 
put in $35. One of their tickets was a winning ticket. If they won 
$4.5 million, what was the first person’s share of the winnings? 


No one belongs to both the Math Club and the Photography Club, but 
the two clubs join to hold a car wash. Ten members of the Math Club 
and 6 members of the Photography Club participate. The profits from 
the car wash are $120. If each club's profits are proportional to the 
number of members participating, what share of the profits does the 
Math Club receive? 


“ 


A basketball player has made 5 out of every 6 foul shots attempted in 
one year of play. If 42 foul shots were missed that year, how many shots 
did the basketball player make? 


Explain the procedure for solving an equation that contains fractions. 
Include in your discussion how the LCM of the denominators is used 
to eliminate fractions in the equation. 














Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company.-All rights reserved. 


Section 8.5 / Literal Equations 467 






Literal Equations 


eyo) To solve a literal equation yor. gy awn yy 
su 





for one of the variables cary ) oy 
ee TUTOR WEB 

A literal equation is an equation that contains more than 2x + 3y = 6 
one variable. Examples of literal equations are shown at 4w — 2x + z=0 
the right. 
Formulas are used to express a rela- 1 1 | 
: 3 . ~ — + — = — (Physics) 
tionship among physical quantities. RVERe RR : 
A formula is a literal equation that CAA ea (iathematics 
states rules about measurements. 

A=P-+ Prt (Business) 


Examples of formulas are shown at 
the right. 


The Addition and Multiplication Properties can be used to solve a literal equa- 
tion for one of the variables. The goal is to rewrite the equation so that the 
variable being solved for is alone on one side of the equation and all the other 
numbers and variables are on the other side. 


= Solve A = P(1 + i) fori. 


The goal is to rewrite the equation so that i is on one side of the equation and 
all other variables are on the other side. 





A = Pi +1) 
Av P->- Pi e Use the Distributive Property to remove parentheses. 
Ate Pi PRI PEED, e Subtract P from each side of the equation. 
A P= Pe 
ae = ¢ Divide each side of the equation by P. 
a cee 
=1 
P 
Example 1 es Try It 1 
Solve s =a + (n — 1)d ford. Solve A = P + Prt for r. 
Solution Your solution 


Pasi — 1)d 
s-a=a-at+(n-l)d 








we (7 — 1)d 
ey — ld 
n-1 n-1 
Se a 
w—-1 


Solution on p. S26 
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swicie vie co cise ccwisice ee sie cicieiviee clelcie.s ele'cigiccie'scleielesiele o)e[e © sisieia.e lee eles o(eisle sieisinie|e ojeioie|e 0/0 (6) MBie\e 6\0)sin1n10\9/0\e\n(sie\s\e\0 eleisiv c10/e ele 0'0|eielejeielo\sie/sis/>)eie\-e)s\s/eic\0/e/e]sie\ci<\°ic\ois.c ic: Sia aasa lala 


| Example 2 
Solve I = 5 for R 
Solution 
E 
[l= 
R= 
+rl=(R+ 
(R+rnIl=(R+1r) aie 
RIl+rl=E 
Riga iia tll 
(Ril = JE = wll 
RI Tes rl 
I I 
ye rl 
I 
~ Example 3 


Solve L = a(1 + ct) for c. 


Solution 
i= ae et) 


IL, = @ a Oi 
Ts a ee Oma CL 


ee 
| 

Q 
II 


act 








TOTTTTETEET eT 


Example 4 
Solve M = C — rC for C. 


Solution 
M=C-rc 
Ma (LAC 


M lene 
i ae | 92 








‘ Vou Try It 2 





Solve s = = 


Your solution 


bi You Try It 3 


Solve s =a + (n — 1)d for n. 


Your solution 


Aa Try It 4 


Solve S = C + rC for C. 


Your solution 


Solutions on p. S26 
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8.5 Exercises 


Objective A 


Solve the formula for the given variable. 


1. 


11. 


n3: 


15. 


17. 





1 

A =—bh;h 
D 

i vane 

PV = nRT; T 


ele 2W: L 


A =Sh(b, LS 





1 
Vay Ah; h 
2 ae 
if 
/:\ ein 


ASW et Ws WwW. 


(Geometry) 


(Physics) 


(Chemistry) 


(Geometry) 


(Geometry) 


(Geometry) 


(Business) 


(Business) 


(Physics) 


APPLYING THE CONCEPTS 


10. 


INP, 


14. 


16. 


18. 
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P=a+b+ce;b 


JE, = JAR? IR 
A =bh;h 
9 
ii = 5° ae BREE 


C= 22 32). 





9 
= he GC 
I = 
a= 21K 
n 


jm en, m 


Sit SEES) 


(Geometry) 


(Physics) 


(Geometry) 


(Temperature 
conversion) 


(Temperature 
conversion) 


(Business) 


(Business) 


(Engineering) 


(Mathematics) 


The surface area of a right circular cylinder is given by the formula S = 2arh + 27r?, 
where r is the radius of the base, and h is the height of the cylinder. 


a. Solve the formula S = 2arh + 2ar? for h. 


b. Use your answer to part a to find the height of a right circular cylinder 
when the surface area is 127 in? and the radius is 1 in. 
c. Use your answer to part a to find the height of a right circular cylinder 
when the surface area is 24 7 in? and the radius is 2 in. 


1 in. 





S=12n in? 
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When markup is based on selling price, the selling price of a product is given 
by the formula S = C + rC, where C is the cost of the product, and r is the 
markup rate. 


20. a. Solve the formula S = C + rC for r. 

b. Use your answer to part a to find the markup rate on a tennis racket 
when the cost is $112 and the selling price is $180. 

c. Use your answer to part a to find the markup rate on a radio when the 


cost is $120 and the selling price is $172. 


Break-even analysis is a method used to determine the sales volume required 

for a company to break even, or experience neither a profit nor a loss on the 

sale of a product. The break-even point represents the number of units that 

must be made and sold for income from sales to equal the cost of the prod- 
F 


Gree 1" 
where F is the fixed costs, S is the selling price per unit, and V is the variable 
costs per unit. 


uct. The break-even point can be calculated using the formula B = 





21. a. Solve the formula B = Lol Ss: 


S—V 

b. Use your answer to part a to find the required selling price per desk for 
a company to break even. The fixed costs are $20,000, the variable 
costs per desk are $80, and the company plans to make and sell 
200 desks. 

c. Use your answer to part a to find the required selling price per camera 
for a company to break even. The fixed costs are $15,000, the variable 
costs per camera are $50, and the company plans to make and sell 
600 cameras. 


Resistors are used to control the flow of current. The total resistance of two 


resistors in a circuit can be given by the formula R = , where R, and 


1 1 
+ 
wR, R, 


R, are the two resistors in the circuit. Resistance is measured in ohms. 


1 
22. a. Solve the formula R = TETBE for R,. 









Ri cf R2 
b. Use your answer to part a to find the resistance in R, if the resistance in 
R, is 30 ohms and the total resistance is 12 ohms. 
c. Use your answer to part a to find the resistance in R, if the resistance 
in R, is 15 ohms and the total resistance is 6 ohms. 


R5 


Electron 
flow 
ep 
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Point of Interest 


The | ag problem was 


reco led in the Jiuzhang, a 
Chinese text that dates to the 
Han dynasty (about 200 B.c. 


to A.D. 200). “A reservoir has 


5 channels bringing water to it. 


The first can fill the 


eek, ll . 
reservoir in 5 day, the second in 


1 day, the third in z= days, the 


fourth in 3 days, and the fifth in 


5 days. If all channels are open, 
how long does it take to fill the 
reservoir?” This problem is the 

earliest known work problem. 


TAKE NOTE 


Use the information 
given in the problem to 
fill in the “Rate” and 
“Time” columns of the 
table. Fill in the “Part 
Completed” column by 
multiplying the two 
expressions you wrote in 


~ each row. 


a 
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Work and Uniform Motion 
Problems 


To solve work problems 





If a painter can paint a room in 4 h, then in 1 h the painter can paint ; of the 
room. The painter's rate of work is ; of the room each hour. The rate of work is 
the part of a task that is completed in one unit of time. 


A pipe can fill a tank in 30 min. This pipe can fill = of the tank in 1 min. The 


JK 
30 


in x min, the rate of work for the second pipe is i of the tank each minute. 


rate of work is =~ of the tank each minute. If a second pipe can fill the tank 


In solving a work problem, the goal is to determine the time it takes to complete 
a task. The basic equation that is used to solve work problems is 


Rate of work X time worked = part of task completed 
For example, if a faucet can fill a sink in 6 min, then in 5 min the faucet can 


fill t X5= - of the sink. In 5 min the faucet completes > of the task. 


=> A painter can paint a wall in 20 min. The painter’s apprentice can paint the 
same wall in 30 min. How long will it take them to paint the wall when they 
work together? 


P RRR ERR E TERR ER AARARARRSAMREMS ARREARS AEA S See ee AE BIS BMY 
* Strategy for Solving a Work Problem 


1. For each person or machine, write a numerical or variable expression for the 
rate of work, the time worked, and the part of the task completed. The results 
can be recorded in a table. 


s 
2 
3 
& 


a 
= 
Co 
Weccccene 


Wer eee rede SOOO HHEHEEEH SE SLEOCHEHE EE EESHOSOEOS e@eeees 


Unknown time to paint the wall working together: ¢ 


Ue Part-of Task Completed 5 


ener 





£..2.2.2.2%.9, 2.9.0 9,9,9,9 2.98.9. 99.0 929.9 2222922920 O82 20 OOOO 8 OTTO OF Cottier 


2. Determine how the parts of the task completed are related. Use the fact that 
the sum of the parts of the task completed must equal 1; the complete task. 


e @ 
@ s 
a 8 
e s 
& eeeoeeeseeeoee See eeeseseeesseeoseeeeeeseea see Seeeoeeeneeaeseeese ee ee eee Pd 


BS + fe 1 ¢ The sum of the part of the task completed 
20 30 by the painter and the part of the task 
completed by the apprentice is 1. 
t t ; 
— ss=55 — . e 
00( 55 + “| OO ral Multiply by the LCM of 20 and 30. 
3t + 2t = 60 
5t = 60 
t= 12 


Working together, they will paint the wall in 12 min. 
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+  cduilee eee ceu ola dd closisle ois slewbisisise sec ccie'o'es s1eisie\elels|sialeicisicieinie o-slelsisie.vjee.s's.cis.e'e's else eM iaie e]s.0\9/0 a)eieiejnve'esinin wje\s.eleiaieleis s\eiels.c ciel c(0 °/0'S ois. 6 icicicicis elas cies -Ieh palaaladaa a 


Example 1 You Try It 1 
A small water pipe takes three times longer to Two computer printers that work at the 
fill a tank than does a large water pipe. With same rate are working together to print the 
both pipes open, it takes 4 h to fill the tank. payroll checks for a large corporation. After 
Find the time it would take the small pipe, they work together for 2 h, one of the 
working alone, to fill the tank. printers quits. The second requires 3 h more 


to complete the payroll checks. Find the 
time it would take one printer, working 
alone, to print the payroll. 


Strategy Your strategy 
e Time for large pipe to fill the tank: ¢ 
Time for small pipe to fill the tank: 3¢ 


Fills tank Fills tank 
in 3t hours in ¢t hours 





ba 


Fills + of the Fills} of the 
tank in4 hours tank in 4 hours 


Rate Time Part 
; 1 4 
Small pipe = 4 3 
4 
Large pipe . 4 


° The sum of the parts of the task 
completed by each pipe must equal 1. 





Solution Your solution 
4 4 
—+-=1 
3t t 
4 4 
3t [2 *) = 3t-1 
4. A293 | 
16 = 3¢ 
Nor, 
a 





ll 


16 
3 = 3\ se 16 
) 
rhe small pipe working alone takes 16 h to fill 
the tank. 


Solution on p. S26 
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TAKE NOTE 


_ Use the information 

_ given in the problem to 
fill in the “Distance” and 
_ “Rate” columns of the 

_ table. Fill in the “Time” 
_ column by dividing the 

_ two expressions you 

_ wrote in each row. 


: 


can 


Objective B To solve uniform motion problems 
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A car that travels constantly in a straight line at 30 mph is in uniform motion. 
Uniform motion means that the speed or direction of an object does not change. 


The basic equation used to solve uniform motion problems is 
Distance = rate X time 


An alternative form of this equation can be written by solving the equation for 
time. 


Distance ' 
———— — time 
Rate 


This form of the equation is useful when the total time of travel for two objects 
or the time of travel between two points is known. 


=» The speed of a boat in still water is 20 mph. The boat traveled 75 mi down 
a river in the same amount of time it took to travel 45 mi up the river. Find 
the rate of the river’s current. 


CPt 222 St TOPS 28 888 DBRS SSS SF SLO O LGD ORES OORO OAH SSCOHOSOS ON 
Strategy for Solving a Uniform Motion Problem 


1. For each object, write a numerical or variable expression for the distance, rate, 
and time. The results can be recorded in a table. 


@eeesce2sd 
eeeseeeese 


Se IO COSCO OOO SO EO OC OW a OE 


The unknown rate of the river’s current: r 








Pe ence Ree re 
pee ee 
pee ee ae op a ee 
ae ae a Vos poy oo ee 
eel es SG : = : : eu ihe 0 toe 


F2:2.2.2.2. 2.2.2. %.2,9,0.2,9,9,2:2,9.2 2.22292 292.28 S292 2 0299 082202222902 2222S 


° 2. Determine how the times traveled by each object are related. For example, it 
* may be known that the times are equal, or the total time may be known. 


® 
d 


Dicer eee eed SOS ROHSOEHEEHOHHSEHHHESSHROHSEHHOCHHHHSHETHHHHTOHEED 














1, oe AS © The time down the river is 
Oy ne Oe equal to the time up the 
river. 
(Sie 45 e Multiply by the LCM of 
(20 + r)(20 = 1) Noe (20 + 1)(20 ~ 1) 2027 the denominators. 


(20 — r)75 = (20 + r)45 
1500 — 75r = 900 + 45r 
—120r = —600 
r=5 


The rate of the river’s current is 5 mph. 
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A cyclist rode the first 20 mi of a trip at a 
constant rate. For the next 16 mi, the cyclist 
reduced the speed by 2 mph. The total time for 
the 36 mi was 4 h. Find the rate of the cyclist 
for each leg of the trip. 


Strategy 
e Rate for the first 20 mi: r 
Rate for the next 16 mi: r — 2 


e 








r ey . r—-2 
L . Be 
20 mi 16 mi 
Distance Rate ‘Time 
! : 20 
First 20 mi 20 r a 
| 16 
Next 16 mi 16 (eres cis 


¢ The total time for the trip was 4 h. 











Solution 
20 16 
= a 
i? a 
20 16 
r(7 >| | = r(r =. 2) 5 4 
if ip = wv 


(= 2)20 4167 = (72 24 
20r — 40 + 16r = 4r’ — 8r 
36r — 40 = 4r* — 8r 
Solve the quadratic equation by factoring. 


= 47? — 44r + 40 
Oa AG yee LO) 
0 = 4(r = 10) = 1) 
P40 Ou) er 1ie0 
r= 10 Pal 
The solution r = 1 mph is not possible, 
because the rate on the last 16 mi would then 
be —1 mph. 
10 mph was the rate for the first 20 mi. 
8 mph was the rate for the next 16 mi. 


The total time it took for a sailboat to sail 
back and forth across a lake 6 km wide was 
2 h. The rate sailing back was three times 
the rate sailing across. Find the rate sailing 
out across the lake. 


Your strategy 


Your solution 


Solution on p. S26 
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8.6 Exercises 


Objective A Application Problems 





1. A park has two sprinklers that are used to fill a fountain. Pike 


; ; eke Time Part 
One sprinkler can fill the fountain in 3 h, whereas the sec- 
ond sprinkler can fill the fountain in 6 h. How long will it — First s t uf 
take to fill the fountain with both sprinklers operating? d 
1 t 
Second c t é 


2. One grocery clerk can stock a shelf in 20 min, whereas a sec- 
ond clerk requires 30 min to stock the same shelf. How long 
would it take to stock the shelf if the two clerks worked 
together? 


3. One person with a skiploader requires 12 h to remove a large quantity 
of earth. A second, larger skiploader can remove the same amount of 
earth in 4 h. How long would it take to remove the earth with both 
skiploaders working together? 


4. Anexperienced painter can paint a fence twice as fast as an inexperienced 
painter. Working together, the painters require 4 h to paint the fence. How 
long would it take the experienced painter working alone to paint the 
fence? 


5. One computer can solve a complex prime factorization problem in 75 h. 
A second computer can solve the same problem in 50 h. How long would 
it take both computers, working together, to solve the problem? 


6. Anew machine can make 10,000 aluminum cans three times as fast as an 
older machine. With both machines working, 10,000 cans can be made in 
9 h. How long would it take the new machine, working alone, to make the 
10,000 cans? 


7. A small air conditioner can cool a room 5° in 75 min. A larger air con- 
ditioner can cool the room 5° in 50 min. How long would it take to cool 
the room 5° with both air conditioners working? 


8. One printing press can print the first edition of a book in 55 min, whereas 
a second printing press requires 66 min to print the same number of 
copies. How long would it take to print the first edition with both presses 
operating? 


9. Two oil pipelines can fill a small tank in 30 min. Using one of the pipelines 
would require 45 min to fill the tank. How long would it take the second 
pipeline alone to fill the tank? 


476 


10. 


Li 


12. 


LS: 


14. 


15. 


16. 


W7; 


18. 
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Working together, two dock workers can load a crate in 6 min. One dock 
worker, working alone, can load the crate in 15 min. How long would it 
take the second dock worker, working alone, to load the crate? 


A mason can construct a retaining wall in 10 h. With the mason’s 
apprentice assisting, the task would take 6 h. How long would it take the 
apprentice working alone to construct the wall? 


A mechanic requires 2 h to repair a transmission, whereas an apprentice 
requires 6 h to make the same repairs. The mechanic worked alone for 
1 h and then stopped. How long will it take the apprentice, working alone, 
to complete the repairs? 


One computer technician can wire a modem in 4 h, whereas it takes 
6 h for a second technician to do the same job. After working alone for 
2h, the first technician quit. How long will it take the second tech- 
nician to complete the wiring? 


A wallpaper hanger requires 2 h to hang the wallpaper on one wall of 
a room. A second wallpaper hanger requires 4 h to hang the same 
amount of paper. The first wallpaper hanger worked alone for 1 h and 
then quit. How long will it take the second wallpaper hanger, working 
alone, to complete the wall? 


Two welders who work at the same rate are welding the girders of a 
building. After they work together for 10 h, one of the welders quits. 
The second welder requires 20 more hours to complete the welds. 
Find the time it would have taken one of the welders, working alone, 
to complete the welds. 


A large and a small heating unit are being used to heat the water of a pool. 
The larger unit, working alone, requires 8 h to heat the pool. After both 
units have been operating for 2 h, the larger unit is turned off. The small 
unit requires 9 h more to heat the pool. How long would it take the small 
unit, working alone, to heat the pool? 


Two machines that fill cereal boxes work at the same rate. After they work 
together for 7 h, one machine breaks down. The second machine requires 
14 h more to finish filling the boxes. How long would it have taken one of 
the machines, working alone, to fill the boxes? 


A large and a small drain are opened to drain a pool. The large drain can 
empty the pool in 6 h. After both drains have been open for 1 h, the large 
drain becomes clogged and is closed. The smaller drain remains open and 
requires 9 h more to empty the pool. How long would it have taken the 
small drain, working alone, to empty the pool? 
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22s 


23: 


24. 
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Application Problems 


Commuting from work to home, a lab technician traveled 10 mi at a 





10 mi 20 mi 








constant rate through congested traffic. On reaching the expressway, r r+20 se 

the technician increased the speed by 20 mph. An additional 20 mi 

was traveled at the increased speed. The total time for the trip was 1 h. 

Find the rate of travel through the congested traffic. 

The president of a company traveled 1800 mi by jet and 300 mi on a prop 

plane. The rate of the jet was four times the rate of the prop plane. The 

entire trip took a total of 5 h. Find the rate of the jet plane. 

As part ofa conditioning program, a jogger ran 8 mi in the same time 8 mi | A 

a cyclist rode 20 mi. The rate of the cyclist was 12 mph faster than the r 

rate of the jogger. Find the rate of the jogger and that of the cyclist. | 40 mi | 
7 r+12 AC 

An express train travels 600 mi in the same amount of time it takes a 

freight train to travel 360 mi. The rate of the express train is 20 mph faster 

than that of the freight train. Find the rate of each train. 

To assess the damage done by a fire, a forest ranger traveled 1080 mi by 

jet and then an additional 180 mi by helicopter. The rate of the jet was 

4 times the rate of the helicopter. The entire trip took a total of 5 h. Find 

the rate of the jet. 

A twin-engine plane can fly 800 mi in the same time that it takes a 

single-engine plane to fly 600 mi. The rate of the twin-engine plane is 

50 mph faster than that of the single-engine plane. Find the rate of the 

twin-engine plane. 

The rate of a bicyclist is 7 mph greater than the rate of a long-distance 

runner. The bicyclist travels 30 mi in the same amount of time as it takes 

the runner to travel 16 mi. Find the rate of the runner. 

A car and a bus leave a town at | P.M. and head for a town 300 mi away. 

The rate of the car is twice the rate of the bus. The car arrives 5 h ahead 

of the bus. Find the rate of the car. 

A car is traveling at a rate that is 36 mph greater than the rate of a : 384 mi - 5 

cyclist. The car travels 384 mi in the same time it takes the cyclist to r+ 36 

travel 96 mi. Find the rate of the car. Gini 
a DY) 


, (eB 
} = 
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28. 
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30. 
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32. 
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A backpacker hiking into a wilderness area walked 9 mi at a constant rate 
and then reduced this rate by 1 mph. Another 4 mi was hiked at this 
reduced rate. The time required to hike the 4 mi was | h less than the time 
required to walk the 9 mi. Find the rate at which the hiker walked the first 
O mil. 


A plane can fly 180 mph in calm air. Flying with the wind, the plane can 
fly 600 mi in the same amount of time it takes to fly 480 mi against the 
wind. Find the rate of the wind. 


A commercial jet can fly 550 mph in calm air. Traveling with the jet 
stream, the plane flew 2400 mi in the same amount of time it takes to fly 
2000 mi against the jet stream. Find the rate of the jet stream. 


A cruise ship can sail at 28 mph in calm water. Sailing with the gulf 
current, the ship can sail 170 mi in the same amount of time that it can 
sail 110 mi against the gulf current. Find the rate of the gulf current. 


Rowing with the current of a river, a rowing team can row 25 mi in 
the same amount of time it takes to row 15 mi against the current. The 
rate of the rowing team in calm water is 20 mph. Find the rate of the 
current. 


On a recent trip, a trucker traveled 330 mi at a constant rate. Because of 
road construction, the trucker then had to reduce the speed by 25 mph. 
An additional 30 mi was traveled at the reduced rate. The total time for 
the entire trip was 7 h. Find the rate of the trucker for the first 330 mi. 


APPLYING THE CONCEPTS 


34. 


SBR 


36. 


oye 


One pipe can fill a tank in 2 h, a second pipe can fill the tank in 4 h, and 
a third pipe can fill the tank in 5 h. How long will it take to fill the tank 
with all three pipes working? 


A mason can construct a retaining wall in 10 h. The mason’s more- 
experienced apprentice can do the same job in 15 h. How long would it 
take the mason’s less-experienced apprentice to-do the job if, working 
together, all three can complete the job in 5 h? 


A surveyor traveled 32 mi by canoe and then hiked 4 mi. The rate by boat 
was four times the rate on foot. If the time spent walking was 1 h less than 
the time spent canoeing, find the amount of time spent traveling by canoe. 


Because of bad weather, a bus driver reduced the usual speed along a 150- 
mile bus route by 10 mph. The bus arrived only 30 min later than its usual 
arrival time. How fast does the bus usually travel? 


2400 mi 





ae SS 
550+47r 
2000 mi 
eset ~~ 
550-r 
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The Graph of V= 5r 


The Graph of 7 = 4x 
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Variation 


gm, NW hy 
To solve variation problems ay WwW 
TUTOR WEB SSM 
Direct variation is a special function that can be expressed as the equation 
y = kx, where k is a constant. The equation y = kx is read “y varies directly as 
x” or “y is directly proportional to x.” The constant k is called the constant of 
variation or the constant of proportionality. 





The circumference (C) of a circle varies directly as the diameter (d). The direct 
variation equation is written C = md. The constant of variation is 7. 


A nurse makes $25 per hour. The total wage (w) of the nurse is directly pro- 
portional to the number of hours (/) worked. The equation of variation is 
w = 25h. The constant of proportionality is 25. 


A direct variation equation can be written in the form y = kx", where n is a 
positive number. For example, the equation y = kx? is read “y varies directly 
as the square of x.” 


The area (A) of a circle varies directly as the square of the radius (r) of the circle. 
The direct variation equation is A = zr. The constant of variation is 7. 


> Given that V varies directly as r and that V = 20 when r = 4, find the constant 
of variation and the equation of variation. 


V=kr e Write the basic direct variation equation. 

20=k-4 ¢ Replace Vand rby the given values. Then solve for k. 
5=k ¢ This is the constant of variation. 
V=5r ¢ Write the direct variation equation by substituting the value 


of k into the basic direct variation equation. 


“ The tension (7) in a spring varies directly as the distance (x) it is stretched. 
If? = 8 Ib when x =2 in find J when = 4 in. 


T = kx ¢ Write the basic direct variation equation. 
8=k-2 ¢ Replace T and x by the given values. 
4=k © Solve for the constant of variation. 

T = 4x e Write the direct variation equation. 
T=4x =4-4= 16 © To find Twhen x = 4, substitute 


4 for x in the equation and solve for T. 


The tension is 16 lb. 
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The Graph of P= 


20 
xv 








12 
The Graph of L = 


WwW 


, 


as || cae 


Inverse variation is a function that can be expressed as the equation y = 


K-4 en: 
where k is a constant. The equation y = — is read “y varies inversely as x” or “y 
x 


is inversely proportional to x.” 


k 
In general, an inverse variation equation can be written y = —,, where 1 is a 
& 
© oe ze hes 
positive number. For example, the equation y = — 1s read “y varies inversely as 
se 
the square of x.” 


“» Given that P varies inversely as the square of x and that P = 5 when x = 2, 
find the constant of variation and the equation of variation. 





k 

P= Re, e Write the basic inverse variation equation. 
k . 

S) = e Replace P and x by the given values. Then solve for k. 

male 
4 
20 =k e This is the constant of variation. 

20 

et Sal e Write the inverse variation equation by substituting the 


value of k into the basic inverse variation equation. 


~» The length (L) of a rectangle with fixed area is inversely proportional to the 
width (W). If L = 6 ft when W = 2 ft, find L when W = 3 ft. 


k 
L= WwW e Write the basic inverse variation equation. 
k 
Ones 5 e Replace L and W by the given values. 
12 =k e Solve for the constant of variation. 
2 
L= Ww e Write the inverse variation equation. 
(2 We 
L= Wik Gs = 4 e To find L when W = 3 ft, substitute 3 


for Win the equation and solve for L. 
The length is 4 ft. 
Joint variation is a variation*in which a variable varies directly as the prod- 
uct of two or more other variables. A joint variation can be expressed as the 
equation z = kxy, where k is a constant. The equation z = kxy is read “z varies 
jointly as x and y.” 
The area (A) of a triangle varies jointly as the base (b) and the height (1). The 


ea ve 2 ee: | . oa 
joint variation equation is written A = 3 Oh. The constant of variation is > 


A combined variation is a variation in which two or more types of variation 
occur at the same time. For example, in physics, the volume (V) of a gas varies 
directly as the temperature (7) and inversely as the pressure (P). This combined 


OF : ? : c 
variation is written V = ?: 
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= A ball is being twirled on the end of a string. The tension (7) in the string is 
directly proportional to the square of the speed (v) of the ball and inversely 
proportional to the length (r) of the string. The tension is 96 lb when the 
length of the string is 0.5 ft and the speed is 4 ft/s. Find the tension when 
the length of the string is 1 ft and the speed is 5 ft/s. 











kv? 
= ve @ Write the basic combined variation equation. 
jee ae ; 
96 = 05 e Replace J, v, and rby the given values. 
k-16 
96 = — 
Or 
Clive 8 6 © Solve for the constant of variation. 
=i 
3v* ; ies : 
T= , ¢ Write the combined variation equation. 
2 _ 52 
Te ee 5 See os 29/5 © To find J when r= 1 ft and v= 5ft/s, 
if 1 substitute 1 for rand 5 for v and solve for T. 


The tension is 75 lb. 


PPPOE ESO ESET SOOT HHH EEEE SHE EES HSH S EOE ESHEETS OHSS OE ESEEHEEEHEHOSESSESEOSOEOEESS [pe ee ercccecccescscccesssesessccseseesssssesossssscscoserescesssesssscesesessses 
Example 1 “You Try It 1 
The amount (A) of medication prescribed The distance (s) a body falls from rest 
for a person is directly related to the varies directly as the square of the time (¢) 
person's weight (W). For a 50-kilogram person, of the fall. An object falls 64 ft in 2 s. How 
2 ml of medication are prescribed. How many far will it fall in 5 s? 
milliliters of medication are required for a 
person who weighs 75 kg? 
Strategy Your strategy 
To find the required amount of medication: 
e Write the basic direct variation 
equation, replace the variables by the 
given values, and solve for k. 
e Write the direct variation equation, 
replacing k by its value. Substitute 75 
for W and solve for A. 
Solution Your solution 
A=kw 
2=k-50 
1 — 
25 
A= as “(533 
25 2 


The required amount of medication is 
3 ml. 


Solution on pp. S26-—S27 


482 Chapter 8 / Rational Expressions 


Example 2 


A company that produces personal computers 
has determined that the number of computers 
it can sell (s) is inversely proportional to the 
price (P) of the computer. Two thousand 
computers can be sold when the price is $2500. 
How many computers can be sold when the 
price of a computer is $2000? 


Strategy 
To find the number of computers: 


e Write the basic inverse variation equation, 
replace the variables by the given values, and 
solve for k. 

e Write the inverse variation equation, 
replacing k by its value. Substitute 2000 for P 
and solve for s. 





Solution S= & 
IP 
2000 = —* 
2500 
5,000,000 = k 
is 5,000,000 — 5,000,000 — 9500 


P ~ 2000 


At $2000 each, 2500 computers can be sold. 


Pee eee eer eee eee eee HEE HEE E SEE STH SES EES HEH ESESORSESSESEEHHTHHSS SEH OES SESS ES EEES 


: Example 3 
The pressure (P) of a gas varies directly as the 
temperature (7) and inversely as the volume 
(V). When T = 50° and V = 275 in?, P = 20 
lb/in2. Find the pressure of a gas when T = 60° 
and V = 250 in?. 


Strategy 
To find the pressure: 


e Write the basic combined variation equation, 
replace the variables by the given values, and 
solve for k. 

e Write the combined variation equation, 
replacing k by its value. Substitute 60 for T 
and 250 for V, and solve for P. 





ee 
Soluti ie 
olution V 
k-50 
Y= 
215 
L110=—k 
OTe AOR EO 
Pp = = = 26. 
VA 250 oi 


The pressure is 26.4 Ib/in?. 


ee pees owen sesreeseseseseesesessese 


~ You Try It 2 


The resistance (R) to the flow of electric 
current in a wire of fixed length is inversely 
proportional to the square of the diameter (d) 
of a wire. If a wire of diameter 0.01 cm has a 
resistance of 0.5 ohm, what is the resistance in 
a wire that is 0.02 cm in diameter? 


Your strategy 


Your solution 


~ You Try It 3 


The strength (s) of a rectangular beam varies, 
jointly as its width (w) and the square of its 
depth (d) and inversely as its length (ZL). If the 
strength of a beam 2 in. wide, 12 in. deep, and 
12 ft long is 1200 lb, find the strength of a 
beam that is 4 in. wide, 8 in. deep, and 

16 ft long. 


Your strategy 


Your solution 


Solutions on p. S27 


COCO eee O HEHEHE EEE HES SEES EH EEE EEE EESEERESEES 
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8.7 Exercises 


Objective A 





Which of the following represent(s) direct variation? Why? 
k k 
a. y=kx b. y=- Cap = ee x dV 
i a 


Which of the following equations represent(s) “d varies directly as t”? 
Explain your answer. 
16 


a. d = 400t Wee Cod = 251 dd =7f—50 


The profit (P) realized by a company varies directly as the number of prod- 
ucts it sells (s). If a company makes a profit of $4000 on the sale of 250 
products, what is the profit when the company sells 5000 products? 


The income (/) of a computer analyst varies directly as the number of 
hours (2) worked. If the analyst earns $672 for working 8 h, how much 
will the analyst earn by working 36 h? 


The pressure (7) on a diver in the water varies directly as the depth (d). 
If the pressure is 4.5 Ib/in? when the depth is 10 ft, what is the pressure 
when the depth is 15 ft? 


The distance (d) a spring will stretch varies directly as the force (f) 
applied to the spring. If a force of 6 lb is required to stretch a spring 
3 in., what force is required to stretch the spring 4 in.? 


The distance (d) an object will fall is directly proportional to the square of 
the time (¢) of the fall. If an object falls 144 ft in 3 s, how far will the object 
fall in 10 s? 


The period (p) of a pendulum, or the time it takes the pendulum to 
make one complete swing, varies directly as the square root of the 
length (L) of the pendulum. If the period of a pendulum is 1.5 s when 
the length is 2 ft, find the period when the length is 5 ft. Round to the near- 
est hundredth. 


The distance (s) a ball will roll down an inclined plane is directly pro- 
portional to the square of the time (¢). If the ball rolls 6 ft in 1 s, how 
far will it roll in 3 s? 


483 





484 Chapter 8 / Rational Expressions 


10. The stopping distance (s) of a car varies directly as the square of its speed 
(v). If a car traveling 30 mph requires 63 ft to stop, find the stopping dis- 
tance for a car traveling 55 mph. 


11. The time (f) fora car to travel between two cities is inversely proportional 
to the rate (r) of travel. If it takes 5 h to travel between the cities at a rate 
of 55 mph, find the time to travel between the two cities at a rate of 
65 mph. Round to the nearest tenth. 


12. The speed (v) of a gear varies inversely as the number of teeth (¢). Ifa gear 
that has 45 teeth makes 24 revolutions per minute, how many revo- 
lutions per minute will a gear that has 36 teeth make? 


13. The pressure (77) of a liquid varies directly as the product of the depth (d) 
and the density (D) of the liquid. If the pressure is 150 Ib/in* when the 
depth is 100 in. and the density is 1.2, find the pressure when the density 
remains the same and the depth is 75 in. 


14. The current (/) in a wire varies directly as the voltage (V) and inversely as 
the resistance (R). If the current is 10 amps when the voltage is 
110 volts and the resistance is 11 ohms, find the current when the voltage 
is 180 volts and the resistance is 24 ohms. 


15. The repulsive force (f) between the north poles of two magnets is 
inversely proportional to the square of the distance (d) between them. If 
the repulsive force is 20 Ib when the distance is 4 in., find the repulsive 
force when the distance is 2 in. 


APPLYING THE CONCEPTS 


: Nate : k ; . 
16. In the inverse variation equation y =, what is the effect on x if y 
doubles? ; 


17. In the direct variation equation y = kx, what is the effect on y when x 








doubles? 

Complete using the word directly or inversely. “ 

18. Ifa varies directly as b and inversely as c, then c varies as 
b and as d. 

19. Ifa varies as b andc, then abc is constant. 





20. Ifthe length of a rectangle is held constant, the area of the rectangle varies 
as the width. 


21. Ifthe area of a rectangle is held constant, the length of the rectangle varies 
as the width. 
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& Focus on Problem Solving 


Find a Pattern 


‘Prince of Mathematicians” 
by some historians. He applied 
his genius to many areas of 
mathematics and science. A 
unit of magnetism, the gauss, 


is named 
electronic 


in his honor. Some 
equipment (the 


television, for instance) 
contains a degausser that 
controls magnetic fields. 


CZ 


<p 


2 points, 2 regions 


Ay 


C 


¢ 


4 points, 8 regions 
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3 points, 4 regions 


5 points, ? regions 


Polya’s four recommended problem-solving steps are stated below. 
1. Understand the problem. 2. Devise a plan. 
3. Carry out the plan. 4. Review your solution. 


One of the several ways of devising a plan is first to try to find a pattern. Karl 
Friedrich Gauss supposedly used this method to solve a problem that was given 
to his math class when he was in elementary school. As the story goes, his 
teacher wanted to grade some papers while the class worked on a math problem. 
The problem given to the class was to find the sum 


(eee eater ee ee 1.00 


Gauss quickly solved the problem by seeing a pattern. Here is what he saw. 














101 Note that 
101 
1 + 100 = 101 
A 2+ 99 = 101 
101 = 
3 +98 = 101 
1+24+3+4+---+97+98+99 + 100 Bet =O 


Gauss noted that there were 50 sums of 101. Therefore, the sum of the first 100 
natural numbers is 


ees Ae Ofer Se SOF a OO S001) = 5050 
Try to solve the following problems by finding a pattern. 
1 Findithesum Ji 46 2 96) 984 100; 


2. Find the sum 14+3+5+--:-+97+99 + 101. 


3, Fincramothermme nocd om tindimertinewsUmeiie ws se + > = + 97 4 99 = 101 
given in the previous exercise. 





. ! I : 
By Teel (Ae San se: Pees a 49 - 50 
I a4 ee a I eee 
ELE roy yey Speen = ae) USE | ame or 


5. The following problem shows that checking a few cases does not always 
result in a conjecture that is true for all cases. Select any two points on a cir- 
cle and draw a chord, the line connecting the points (see the drawing in the 
left margin). The chord divides the circle into 2 regions. Now select 3 differ- 
ent points and draw chords connecting each of the three points with every 
other point. The chords divide the circle into 4 regions. Now select 4 points 
and connect each of the points with every other point. Make a conjecture 
about the relationship between the number of regions and the number of 
points on the circle. Does your conjecture work for 5 points? 6 points? 


6. A polygonal number is a number that can be represented by arranging that 
number of dots in rows to form a geometric figure such as a triangle, square, 
pentagon, or hexagon. For instance, the first four triangular numbers, 3, 6, 
10, and 15, are given (and shown) below. What are the next two triangular 
numbers? 
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& Projects and Group Activities 


Continued Fractions 


The following complex fraction is called a continued fraction. 


1 





1 





1 + 





1+:--: 
The dots indicate that the pattern continues to repeat forever. 


A convergent of a continued fraction is an approximation of the repeated pat- 
tern. For instance, 
1 1 1 
Oh ah Se irae meriey c,;=1+— 














1. Calculate c; for the continued fraction above. 


This particular continued fraction is related to the golden rectangle, which has 
been used in architectural designs as diverse as the Parthenon in Athens, built 
around 440 B.c., and the United Nations building. A golden rectangle is one 
for which 

length length + width 

width length 








An example of a golden rectangle is shown at 
the right. 


Here is another continued fraction that was discovered by Leonhard Euler 
(1707-1793). Calculating the convergents of this continued fraction yields 
approximations that are closer and closer to 7. 


1? 




















=3+ : 
a ee 2 
6 = 5° 
6 + i 
6+: 
1? 
2. Calculate c, = 3 + aE 
6 + 5 
Oe: 
6 + = 
6+ : 
anne oes 
6+ 112 
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Graphing Rational 
Functions 


ss) 





(aie 1px # 44). 





The domain is 
{x|x € real numbers}. 


Graphing Variation 
Equations 
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The domain of a function is the set of the first coordinates of all the ordered 
pairs of the function. When a function is given by an equation, the domain of the 
function is all real numbers for which the function evaluates to a real number. 
For rational functions, we must exclude from the domain all those values of the 
variable for which the denominator of the rational function is zero. The graph- 
ing calculator is a useful tool to show the graphs of functions with excluded val- 
ues in the domain of the function. 


The graph of the function f(x) = aaa is shown at the left. Note that the 
graph never intersects the lines x = — 1 and x = 4 (shown as dashed lines). These 
are the two values excluded from the domain of f. The graph of the function f gets 
closer to the dashed line x = 4 as x gets closer to 4. The graph of the function f 
also gets closer to x = —1 as x gets closer to —1. The lines that are “approached” 
by the function are called asymptotes. 


: OX ae 
The graph of the function f(x) = sea is shown at the left. The domain must 
Ee 


exclude values of x for which x? + 1 = 0. It is not possible that x* + 1 = 0, 
because x? = 0, and a positive number added to a number equal to or greater 
than zero cannot equal zero. Therefore, there are no real numbers that must be 
excluded from the domain of f. 


Use a graphing calculator to find the domain of the rational function. 














Sy z 6 Rede 
es) Sen 2e).= as 3. g(x) = ears 
3 — 4x Re ab 3 x? +1 
c) =S A | Woe 6. 12 2) > 
ee) sede = ee ee ©) Ke 


1. Graph y = kx when k = 2. 
What kind of function does the graph represent? 


1 
2. Graph y = kx when k = a" 


What kind of function does the graph represent? 


3. Graph y = rere =2andx > 0. 
x 


Is this the graph of a function? 


488 Chapter 8 / Rational Expressions 


ys Chapter Summary | Summary i 


Key Words A rational expression is a fraction in which the numerator and denominator are 
polynomials. A rational expression is in simplest form when the numerator and 
denominator have no common factors. [p. 431 | 





The least common multiple (LCM) of two or more polynomials is the simplest 
polynomial that contains the factors of each polynomial. [p. 439) 


The reciprocal of a rational expression is the rational expression with the numer- + 
ator and denominator interchanged. [p. 434] : 


A complex fraction is a fraction whose numerator or denominator contains one 
or more fractions. [p. 451] 


A ratio is the quotient of two quantities that have the same unit. |p. 457] 


eoeeeeceoeeoesereooses 


A rate is the quotient of two quantities that have different units. [p. 457] 

A proportion is an equation that states the equality of two ratios or rates. [p. 457] 
A literal equation is an equation that contains more than one variable. [p. 467] 
Direct variation is a special function that can be expressed as the equation 


y = kx, where k is a constant called the constant of variation or the constant of. 
proportionality. [p. 479] 


a : é ‘ k 
Inverse variation is a function that can be expressed as the equation y =<, 
where k is a constant. [p. 480] 


Joint variation is a variation in which a variable varies directly as the product of : 
two or more variables. A joint variation can be expressed as the equation z = kxy, : 
where k is a constant. [p. 480] : 


Combined variation is a variation in which two or more types of variation occur 
at the same time. [p. 480] 


eceeesescses 











Gn cea ae 
Essential Rules To Multiply Fractions [p. 432 er 
iply Fr ns [p ] een 

GG dao ad ‘ey 

To Divide Fractions |p. 434 a SS te: 

nism pa bd bc be a 

b atkb = 

To Add Fractions [p. 441] Hee. 2 a 

Cua Cc eck 

ener oe 

To Subtract Fractions [p. 441] Gare 52 > & 

mete 6 : 5 

: eon Rate of time _ part of task ; z 

Equation for Work Problems [p. 471] BY cate worked ~ commana : 6 

Fe 

se 

Uniform Motion Equation [p. 473] Distance = rate X time : 8 
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& Chapter Review 















































6a-b') » 12a°b? Met [eo vee 2 
ivides——— = De Add: + 
ee Dion ya Oxy? iNav 20x 
16 
4 : 5x 2 22 380 
Simplify. ———————— 4..Simplify: ————— 
—— 88 15 + 2x — x? 
Sve = 2 
aa. Were 285 
Simplify: Yi © 6. Solve: Fee ae 
10 — 23y + 12y?, 4y? — 13y + 10 ; Sab? 5xyt 
ivide: 2 Me 8. Multiply: - = 
Divide eps ioe 3y — 10 ultiply (5x3) 1602 
1 
1 a 
2 
Simplify: a 10. Write each fraction in terms of the LCM of 
we as : the denominators. 
Re 
x 4x? 
12x? + 16x — 3’ 6x* + 7x — 3 
DB) ee Be 
Solve T = 2(ab + be + ca) for a. 12. Solve: a + D = Do 7 
100m x8 5 
| = : : =1+ 
Solve i tone 14. Solve Tit 1 aay 
20x27 — 45x 40x? — 90x? 2y 3 
ne ———— —— ee : vena. 
ies 6x) Ax? © Deets LO oie pant tig gy 
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x + 3x + 4 
7a Subinact: 5 ae z 


a) . 1 (2 — + 
Pt. oe ee as 18. Find the LCM of 10x 1s cree Shab ave | 


20x? — 17x + 3. 





24x2-— 94x +15 24x? + 7x-—5 


19. Solve 4x + 9y = 18 fory. iply: a 
ee ee Oe) 20 Dy 2 49x45 4 2 


ZO ee ~ 
Dig te By bee 8} 














al 3x—-2 5x*+15x-11 
f 


21. Solve: + 
ea iy Se ee 


22. Add: ~ 
ae 








6 8 3 x 
23. Solve: = 24. lve: — = — 
Oe ar ose e Solve 50 80 
25. Triangles ABC and DEF are similar. Find E 
the perimeter of triangle ABC. B 
10 in. ; + am. 
A 90) F 
12 in. 


26. One hose can fill a pool in 15 h. The second hose can fill the pool in 10 h. 
How long would it take to fill the pool using both hoses? 


27. Acar travels 315 mi in the same amount of time that a bus travels 245 mi. 
The rate of the car is 10 mph greater than that of the bus. Find the rate of 
the car. 


28. The rate of a jet is 400 mph in calm air. Traveling with the wind, the jet can 
fly 2100 mi in the same amount of time it takes to fly 1900 mi against the 
wind. Find the rate of the wind. 


29. A pitcher's earned run average (ERA) is the average number of runs allowed 
in 9 innings of pitching. If a pitcher allows 15 runs in 100 innings, find the 
pitcher's ERA. 


30. The current (/) in an electric circuit varies inversely as the resistance (R). If 
the current in the circuit is 4 amps when the resistance is 50 ohms, find the 
current in the circuit when the resistance is 100 ohms. 
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16x°y 
Simplify: - 
party DAx*y* 
x°y4 x*-x-2 
Multiply: = -_ ——_ 
Ra! 4 Ay A ye 
xe +3x+2. x*-x-6 





Divide: 
Dee se 4 x? + 2x — 15 


Write each fraction in terms of the LCM of 


the denominators. 
3 EG 


x7 — 2x’ x? -4 








2 3 
ic = 
le ee ox 

12 
ae 
Simplify 
tk 
(kes 
x Xx 


10. Subtract: ts 
G 


Chapter Test 


a7 4e — 5 


Simplify: i 5 
a2 


x? +2x—3 2x7—11x +5 


Male = 
ENS TEER GPURI paar 





Find the LCM of 6x — 3 and 2x2 + x — 1. 


2G 4 





Sulla x*+3x-10 x*+3x-10 


Dee == 5 
c+ 3 x? 4+x-6 





12. Solve: g =) = | 
3 
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492 


13. 


US; 


il 


18. 


19. 


20. 
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2K 
Solve: = 3= 


x + 1 x+1 Feae Mt ge ae 6 


Triangles ABC and DEF are similar. Find the 16. Solved =s +rt fort. 


area of triangle DEF 


An interior designer uses 2 rolls of wallpaper for every 45 ft? of wall 
space in an office. At this rate, how many rolls of wallpaper are needed 
for an office that has 315 ft? of wall space? 


One landscaper can till the soil for a lawn in 30 min, whereas it takes a 
second landscaper 15 min to do the same job. How long would it take to 
till the soil for the lawn with both landscapers working together? 


A cyclist travels 20 mi in the same amount of time as it takes a hiker to 
walk 6 mi. The rate of the cyclist is 7 mph faster than the rate of the hiker. 
Find the rate of the cyclist. 


The electrical resistance (r) of a cable varies directly as its length (/) and 
inversely as the square of its diameter (d). If a cable 16,000 ft long and 


7 in. in diameter has a resistance of 3.2 ohms, what is the resistance of a 


Aas iy Lata: , 
cable that is 8000 ft long and 5 in. in diameter? 
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11. 


13. 


iS: 


Ne 


G Cumulative Review 


Sipuive 20 — (—3y) + 7x — 5y 


y 
Solve: 4 — 3% = 7 


2 
Find 1057 of 60. 


Find the volume of the rectangular solid 
shown in the figure. 


4 ft 
10 ft 





a 


Given P(x) = 
IS = 


; pul P( = 2): 


Evaluate the determinant: 
on 5 
a) 





Qaeb?) 4 


Simplify: (4a)! 


Multiply: 2a2 = 3a 1)(=2a2) 


10. 


12. 


14. 


16. 


18. 
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Cumulative Review 


Evaluate —a* + (a — b)? when a = —2 and 


b = 3. 


Sim plitye lo nese Sl 


SOlVe 33ers) 


Solvesxs— SIN 25) =a) — 43. 20) 


Graphix 2y — 2 








Find the equation of the line that contains the 
DOIMtG 2) wand, iss parallel topthe wine 
Se yy — 6. 


Multiply: (a2b>)(ab?) 


Write 0.000000035 in scientific notation. 


Multiply: (a — 3b)(a + 4b) 


494 


ep 


21. 


aoe 


25. 


Pag ke 


29: 


31. 


32. 


aS: 
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Divide: 2 — 8) + @ = 2) 


Factor: 12x42 — x — 1 


Factor: 4b2 — 100 


12x*y2 
Simplify: : 
uaplry 18xy’ 





Cah = DO Oke St 40 





Divide: —————— = 
ae ee eT x? -—4x -—5 





20. 


75/4 


24. 


26. 


28. 


30. 


EaACtOuny a1) 4-0) 


Factor: 2a3 + 7a — 15a 


Solves Ger 3)( 2 >) = 0 


x? — 7x + 10 


Simplify: 5e 5 
Se 








Subtract: a 
tine eee ie ee 





A silversmith mixes 60 g of an alloy that is 40% silver with 120 g of another 
silver alloy. The resulting alloy is 60% silver. Find the percent of silver in the 


120 g of alloy. 


A 


A life insurance policy costs $32 for every $1000 of coverage. At this rate, 


how much money would a policy of $5000 cost? 


One water pipe can fill a tank in 9 min, whereas a second pipe requires 
18 min to fill the tank. How long would it take both pipes, working together, 


to fill the tank? 
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Chapter 


Objectives 


e e f 

- Section 9.1 

A To simplify expressions with rational 
exponents 

B_ To write exponential expressions as radical 
expressions and to write radical expressions 
as exponential expressions 


_C To simplify radical expressions that are roots 
of perfect powers 


Section 9.2 


A To simplify radical expressions 

_B To add or subtract radical expressions 
C To multiply radical expressions 

_D To divide radical expressions 


Section 9.3 


A To simplify a complex number 
B_ To add or subtract complex numbers 
C To multiply complex numbers 

-D To divide complex numbers 


Section 9.4 


_ A To solve a radical equation 
B To solve application problems 





Nels quizzes, visit this textbook’s web site at 
WEB college.hmco.com/students. 
Ke oe ae 


Rational Exponents 
and Radicals 





These floating icebergs stand out dramatically against the 
horizon. A submarine periscope would magnify and bring an 
object like this one clearly into focus. The periscope could 
also be used to determine the distance from the submarine 
to the iceberg. A simple formula involving a radical 
expression is used to calculate this distance, given the 
height of the periscope above the surface of the water. The 
Project on page 534 shows how to use a radical equation to 
calculate the distance. 


SOHHSSHSSHSSSESHEHSEHHOHSEHSHEHSSSHSHSHSHEHSHHSHHSEHHSHSSHHEHHSSHESHSSEEES 





—_—, 
1.) Complete: 438 —?-3 


For Exercises 2 to 7, simplify. 


Drake oy, (5) 


By (3 aX) (4a) 








3x 

. 7. (3x — 2) 

£ 12x*y (3x ) 

For Exercises 8 and 9, multiply. | 
8. OAS 2x) 9. (6x — 1)(6x + 1) | 


10. Solve: x? — 14x - 15 =0 






You are planning a large dinner party. If you seat 5 people at each table, you 
end up with only 2 people at the last table. If you seat 3 people at each table 
you have 9 people left over with no place to sit. There are fewer than 
10 tables. How many guests are coming to the dinner party? 
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algebra text in which he used a 
notation for expressions with 
fractional exponents. He wrote 
R26 to mean 61/2 and R315 to 
mean 15"/3. This was an 
improvement over earlier 
notations that used words for 
these expressions. 
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Rational Exponents and 
Radical Expressions 


To simplify expressions vioro, My, A 
with rational exponents ba 





In this section, the definition of an exponent is extended beyond integers so that 
any rational number can be used as an exponent. The definition is expressed in 
such a way that the Rules of Exponents hold true for rational exponents. 


Consider the expression (a'")" for a > 0 and n a positive integer. Now simplify, 
assuming that the Rule for Simplifying Powers of Exponential Expressions is 
Lawes 


(Qt = qn? 20 Se 

Because (a!")" = a, the number a!” is the number whose nth power is a. 

If a > 0 and n is a positive number, then a!” is called the nth root of a. 
2512 = 5 because (5)? = 25. 813 = 2 because (2)3 = 8. 


In the expression a'", if a is a negative number and n is a positive even integer, 
then a!” is not a real number. 


(—4)!? is not a real number, because there is no real number whose second 
power is —4. 


When 1 is a positive odd integer, a can be a positive or a negative number. 
(a) i) DECAUSEH >) a2 


Using the definition of a!” and the Rules of Exponents, it is possible to define any 
exponential expression that contains a rational exponent. 


Rule for Rational Exponents 


If mand rare positive integers and a" is a real number, then 


qmin = (al/n)m 





' a Rs 
The expression a” can also be written a’ = a = (a™)'", However, rewriting 
a" as (a™)'” is not so useful as rewriting it as (a). See the Take Note at the 
top of the next page. 


As shown above, expressions that contain rational exponents do not always rep- 
resent real numbers when the base of the exponential expression is a negative 
number. For this reason, all variables in this chapter represent positive num- 
bers unless otherwise stated. 
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TAKE NOTE 
Although we can 

_ simplify an expression 

_ by rewriting a’”” in the 
form (a”’)'”, it is usually 

easier to simplify the 
form (a'")”. For 

_ instance, simplifying 

| (271) is easier than 

simplifying (277)'?. 


TAKE NOTE 
Note that 32-24 = * a 
positive number. The 
negative exponent does 


not affect the sign of a 
_ number. 


*> Simplify: 277° 
27243 = (33) 
= 33(2/3) 
ee? 
=9 


=> Simplify: 3272 
32-25 = (25)-28 
= 2-2 


=> Simplify: a!” - a2 


qi?2. qaz3 : qi = qil2+2/3— 14 


¢ Rewrite 27 as 3°. 
© Multiply the exponents. 


e Simplify. 


e Rewrite 32 as 2°. 


¢ Multiply the exponents. 


e Use the Rule of Negative Exponents. 


© Simplify. 


‘ gin Me 


© Use the Rule for Multiplying Exponential 
Expressions. 


= Qo/12+8/12—3/12 


=a 


=> Simplify: (®y*)?? 


Ese = Hrel2 yy Aei2) 





ie © Simplify. 


¢ Use the Rule for Simplifying Powers of Products. 


= x’ © Simplify. 
8a3h~4 \2/3 
= Simplify: | ——=375 
plity (so 
Bab-# 3 (23a3b~4 2/3 : 
64a? — 584 5b2 e Rewrite 8 as 2° and 64 as 2°. 
= (2-3a!2h-6)2/s © Use the Rule for Dividing Exponential 
Expressions. 
= 2752a8br4 ¢ Use the Rule for Simplifying Powers of 
Products. 
sae gicl © Use the Rule of Negative Exponents and 
= = — se ule of Negative Exponents an 
2*b* Aba 9 P 


simplify. 
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VEVOD SOS OOOO CISD OU CIOS OVOUU EO SUC OOUIE UICC UCOROOOUTECCTDUOUCOUOOOO OUR COC OOOOOOO) TOOUDOCOOOOC OOO OOO OCD CO COCCOOOOC OOOO OOUOOUOUOOOCOOOOIOCOOCOOOOOOOOOOOMCCrCMEM TTC 


Example 1 Simplify: 64-2 ‘You Try It 1 Sim piitivent on! 
Solution O42 221 ( 2°) 48 2-4 Your solution 
a et 
DUG 
boosceueasene ctesecceseseeseeescccenceanccreceenessascessseenscensssessssnsrsl\eseseseesssoseeeaceonseeenseeseenseeesseeeseesseensssesssensecssensseneeses 
“Example 2 Simplify: (—49)3/2 “You Try It 2 Simplify: (—81)3/4 
Solution The base of the exponential Your solution 


expression is a negative number, 
while the denominator of the 
exponent is a positive even number. 


Therefore, (—49)?”? is not a real 


number. 
Example 3 Simplify: (x!y~3?z1/4)-3? “You Try It3. Simplify: («3/4y!/2z-2/3)-48 
Solution (2 y= 3/22 1/4) — 3/2 Your solution 
= x7 3/4y9/47 3/8 
8 yo 
a 3/473 8 
Example 4 ~You Try It 4 
sn aly 54 Sade 16a72h43\-12 
Imply: =I w REL IIGOV OUI S || Seana 
x AByiB p Oath 23 
aly 5/4 
Solution Asis Your solution 
= 3/6 — (-8/6)y15/12 ~ 4/12 
-11/6 
tiga Ol zeae 
= XG = ; ; 
y ye Solutions on p. S27 


To write exponential expressions as radical 

expressions and to write radical expressions as VIDEO. ya 
. . Be | (ons 

exponential expressions eee» 





Objective B” 


“py YY 





TUTOR WEB 
Point of Interest Recall that a!” is the nth root of a. The expression Wa_ is another symbol for the 


The radi al sign was introduced th root of a. 
in 15 25 in a book by Christoff 
Rudolff called Coss. He 

ee i Bake a eee In the expression Va, the symbol V _ is called a radical sign, n is the index of 
ee en the radical, and a is the radicand. When n = 2, the radical expression represents 


fourth roots. The idea of using : : 4 
Bt te as we doin our a square root and the index 2 is usually not written. 


modern notation, did not occur 
until some years later. 


If a is a real number, then a!” = Wa. 


An exponential expression with a rational exponent can be written as a radical 
expression. 


Rule for Writing Exponential Expressions as 
Radical Expressions 


If a’ is a real number, then a” = gm Wn = (gm)/n = VW”, 





ie 


The expression a”” can also be written a” = (a!")" = (Va) 
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The exponential expression at the right has been writ- 23 = (y?)!° 
ten as a radical expression. See 


The radical expressions at the right have been written Ngo (x6)U5 = x65 
as exponential expressions. V17 = (17)'2 = 1712 


=> Write (5x)? as a radical expression. 


(5x22 = VW(5x)? e The denominator of the rational exponent is the index of 
the radical. The numerator is the power of the radicand. 


= V25x © Simplify. 
aoe. 3/4 , : . ’ 
=> Write Vx‘ as an exponential express1on with a rational exponent. 


Va : Peet : 

Vx4 = (x4)'3 e The index of the radical is the denominator of the 
rational exponent. The power of the radicand is the 
numerator of the rational exponent. 


eae ety © Simplify. 


TRE ar area ; : 
= Write Va? + b? as an exponential expression with a rational exponent. 





Woe + b3 = (a3 + b3)'3 


Note that (a3 + b3)'2 4a +b. 


Example 5 Write (3x)° as a radical You Try It 5 Write (2x3)?4 as a radical 
expression. expression. 
7 f 4 4a A,.5 - 
Solution (3x)34 = V(3x) = V243x Your solution 
Example 6 Write —2x2° as a radical You Try It 6 Write —5a> as a radical 
expression. expression. 
3 9) 
Solution —2x2/3 = —2(x2)3 = —2V x" Your solution 
¥ PER ere ccee ssseeoguanteansessccseneecceeeettaneanasstesiissnensceeBfssveussnesesssceecerereeceeesneteapacizezstireseneeseees aaa 
Example 7 Write 3a as an exponential You Try It 7 Write V3ab as an c 
expression. exponential expression. 8 
z 
oD 
; 4 : © 
Solution V3a = (3a)" Your solution 
2 
5 
ub bee wWie oacve ol eve 5p gins ele dene ainilie- wipe Ke die vinplpiaalcieleip ¥i6.5:k's-< ng /wisie(brolo's wins « Ubis 0'h Min'oln po 6 MBi4)4 sle\N(Cin'e  w'o(Sivin oi nigieia ha hia ain®4' = KivvinisW'® 96 0)6 <)0 0/e'e.0.0'0 v's 6 wdinie'60 6.0 Scie eereeee S 
; : : 4 = 
Example 8 Write Va? — b? as an exponential You Try It 8 Write Vx* + y* as an 3 
expression. exponential expression. g 
Solution Va? — b* = (a? — b?)'? Your solution = 
© 
+ 
Solutions on pp. S27-—S28 g 
° 
1S) 
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Objective C To simplify radical expressions 


puvancesscaneansroerc: 


' 
4 


TAKE NOTE 


Note that when the 
index is an even natural 
number, the nth root 
requires absolute value 
symbols. 


Wy8 = |y| but Vy =y 


Because we stated that 


_ variables within radicals 


[ee 


represent positive 
numbers, we will omit 
the absolute value 
symbols when writing 
an answer. 
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VIDEO Lm ss / 
that are roots of perfect powers (|) © <2) & 
E TUTOR WEB SSM 


Every positive number has two square roots, one a positive number and one a 
negative number. For example, because (5)? = 25 and (—5)* = 25, there are two 
square roots of 25: 5 and —5. 


The symbol V _ is used to indicate the positive or VWI =s 
principal square root. To indicate the negative square 

root of a number, a negative sign is placed in front of rae 

the radical. -V25=-5 
The square root of zero is zero. V0 =0 


\/—25 is not a real 


number. 


The square root of a negative number is not a real num- 
ber, because the square of a real number must be 
positive. 

Note that 

WE = VS =) Bele) Wy 2) 5 


This is true for all real numbers and is stated as the following result. 


For any real number a, Va? = |a| and —Va? = —|a|. If a is a positive real num- 


ber, then Va? = a and (Va)? = a. 
Besides square roots, we can also determine cube roots, fourth roots, and so on. 


SS an , E. 
\/ 8 = 2) becatise 2 =o. e The cube root of a positive number is positive. 


ey 5 2 because. 2) =o. e The cube root of a negative number is negative. 
W625 = 5, because 54 = 625. 
/243 = 3, because 35 = 243. 


The following properties hold true for finding the mth root of a real number. 
If 7 is an even integer, then Wa" = |a| and —VW/q" = —|a|. If n is an odd integer, 


then Va" =a. 


For example, 


6/-= 12 ras 

V6 = ly! Ve = x Wb> =b 

For the remainder of this chapter, we will assume that variable expressions 
inside a radical represent positive numbers. Therefore, it is not necessary to use 


the absolute value signs. 
=> Simplify: VV oye 
Wx4y8 = (x4y8)4 


e The radicand is a perfect fourth power because the 
exponents on the variables are divisible by 4. Write the 
radical expression as an exponential expression. 

e Use the Rule for Simplifying Powers of Products. 
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TAKE NOTE 


From the chart, 

W243 = 3, which means 
that 3° = 243. From 
this we know that 

(—3)? = —243, which 
means W/—243 = —3. 





Simplify: W/125¢%d° 


W1250%d® = (5%0°d)"” 


= 5c7d’ 


© The radicand is a perfect cube because 125 is a perfect 
cube (125 = 5°) and all the exponents on the variables are 
divisible by 3. 

© Use the Rule for Simplifying Powers of Products. 


Note that a variable expression is a perfect power if the exponents on the 
factors are evenly divisible by the index of the radical. 


The chart below shows roots of perfect powers. Knowledge of these roots is very 
helpful when simplifying radical expressions. 


Square Roots 


Simplify: V—243x5y!5 


W/—243x5y15 = —3xy? 


Cube Roots Fourth Roots Fifth Roots 
Vi Wie Va 
W8 = 2 N16 = 2 W32 = 2 
N27 = 3 V81 = 3 1/243 = 3 
W64 = 4 W256 = 4 

4125 =5 V625 = 5 


¢ From the chart, 243 is a perfect fifth power, and each 
exponent is divisible by 5. Therefore, the radicand is a 
perfect fifth power. 


ROBO UDOTOO GUC DOUOODODDOOOODTOODOOCOOOODUODOOCOOOOCOCUOUOCOOCUOC OOO OO COOOOOOOO: JOCOOOCOCOOOICOUDOUOC TORE OOOO UO OCI I Ix TTR ISI IS OGL I 


Example9 Simplify: W/—125a%b9 


Solution The radicand is a perfect cube. 


\/ —-125a5b® = —5a2b* © Divide each 


Your solution 


00 00.0.0 c1c.c cle 00 0.clc 0.00 0:0 5516.00 bb ue vib G10 .010 00.0 0160 010 6a seb cee ele 6.010 0 0.0.00 00100160510 0164 60 010 ME 00.0 00.00 010 00 06/0 00 0.000010 06 0.0 ele n6e viele ven cle cower enciccicic ce vice cleicm ese ae a a aaa mae. 


exponent 
by 3. 
Example 10 Simplify: —W16a%b® 
Solution The radicand is a perfect fourth 


power. 





—~W16a5b® = —2ab? * Divide each 


exponent 
by 4. 


Your solution 


Solutions on p. S28 
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9.1 Exercises 


Objective A 
Simplify. 
17 3i* 2 
6. 64°18 7: 
DS —3/2 
11. (=) 12. 
Lowe x 4 LF 
qi? 
21. a5 22 
b3/4 
26. rae Qi: 
Si (a 12) 
35. (a!2-a) 
39. Cyt? . aie )as 





1612 


322/5 


x ~ 2/3 ; x 3/4 
bi 

b*3 
(x2)-12 


13. 


18. 


23. 


28. 


32. (b-2/3)-6 


36. (b2/3 : b1/6)6 


Section 9.1 / Rational Exponents and Radical Expressions 503 


g3/2 


1634 


x 1/2y1/2 


x: xl 


(a’)-3/4 


40. (6-23 ‘ bi4)—413 


14. 


19. 


24. 


29: 


33: 


Bids 


41. 


253/2 


(—25)32 


q'/3q5/3 


qi. q3!4 -q ie 


(x 43)6 


CIE 


(x—12 i xe) —2 


(x8y2)1/2 


10. 


15. 


20. 


25: 


30. 


Daf Ze 


(—36)14 


Ve seg 


y—6 . 2/3 . ll? 


(y7%/6)12 


34, (V3?) 22 


38. (ai? . i) 


42. (a3b?)23 


504 


43. 


47. 


oy i 


52: 


So. 


61. 


65. 


69. 


TRE 


ds 
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(x4 y2z6)3/2 


(x-2y1/3)-3/4 


b? 2 b-34 Se 
| bl | 


(16m-2n*)- 12min") 


gE ed Ge = vo 1/2) 


x1 x3n 
ye 

yn 

( g!4 yn/8)8 


44. 


48. 


D2. 


G2: 


66. 


70. 


74. 


78. 


(a®b*c*)34 
(a — 2/3 2/3) 3/2 


pe. Hs 
pi 


ig —4 
yA 


y3/5(y2/5 + y-3/5) 


q2n ° qu" 

pm 

b™ 
n/24)n/3\6 

(eye) 


45. 


49. 


53. 


57. 


60. 


63. 


67. 


7% 


oe 


12: 


Cm RIS 1/3 


(a23b2)6(a3b3)!8 


46. 


50. 


54. 


58. 


(273 n-6)'3(m- 13.56) 6 


2->p-3 S23) 
qi? 
a~4(q°4 = a?) 


xn: x2 
(x21) 


(4¢71/S4yn/10)20 


64. 


68. 


10%, 


76. 


80. 


(a2b-®)- 1/2 


b-3/4 8 
(=) 


-349—1/2\—2(4-—34)2)1/6 
(x y- 2) 2Geae ye) 


49¢>3 ae 
e = a 


x43 (x2/3 a ean 1/3') 


qu2 qun3 


(x51)2n 


-n/24)n/5)10 
Gye 
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Objective B 





Rewrite the exponential expression as a radical expression. 


81. 314 82. 512 83. a3? 84. 543 
85. (2t)°”? 86x) 87. —2x2/3 88. —3a2/ 
ky Cee 20)" 91. (a2b4)3/5 92. (a3b7)3? 
Saar 3) 94. (3x — 2)13 95. «723 96. p-3/4 


Rewrite the radical expression as an exponential expression. 


97. V14 98. V7 99. Wx 100. Vx 
101. Wx! 102. Va} 103. Wb3 104. Wb5 
105. V/2x? 106. V/4y’ 107. —V3x5 108. —W45 
109. 3xVy? 110. 2yVx3 1119 82, 112. V3=¥ 
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Objective C 





Simplify. 








113. Vx!6 114. Vy!4 115. —Vx8 116. —Wae 


| 
; 
| 
| 


117. Wx3y9 118. Vash? 119. —Vx!5y3 120. —Va%? 


121. V16atb? 1225 250) 123. V-16x4y2 124. V—9a‘4b8 


125. V/27x° 126. WV/8a?!bé 127. W/—64x9y? 128. W/—27a3b!5 





129. —Wx8y? 130. —Va'%h4 131. VWx20yi0 132. Wasb?5 


133. W81x4y20 134. W/16a8b2 135. V/32a5b!0 136. W/—32x}5y20 


APPLYING THE CONCEPTS 


137. Determine whether the following statements are true or false. If the 
statement is false, correct the right-hand side of the equation. 


a. V(—2)? = -2 b. v/(—3) = —3 c. Va = ain 


d. Va" +b" =a+b e. (a'2 + b12)2 =a +b f. Va" =a 


“ 


138. Simplify. 


a. VVx8 b. VVa8 c. VV81y8 
d. VWa" e. VVbm f. VW/x!2y24 


e 139. Ifx is any real number, is Vx? = x always true? Show why or why not. 
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9 ® 2 
Objective A 


Point of Interest 


The atin e» pression for 

irrat ional numbers was 
numerus surdus, which literally 
means “inaudible number.” A 
prominent 16th-century 
mathematician wrote of 
irrational numbers, “Just as an 
infinite number is not a 
number, so an irrational 
number is not a true number, 
but lies hidden in some sort of 
cloud of infinity.” In 1872, 
Richard Dedekind wrote a 
paper that established the 
first logical treatment of 
irrational numbers. 
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Section 9.2 / Operations on Radical Expressions 


Operations on Radical 
Expressions 


To simplify radical expressions Gy wy , 
TUTOR WEB SSM 





If a number is not a perfect power, its root can only be approximated; examples 
include V5 and 73. These numbers are irrational numbers. Their decimal 
representations never terminate or repeat. 


V5 = 22360679... -¥/3 = 14422495... 
A radical expression is not in simplest form when the radicand contains a fac- 
tor greater than 1 that is a perfect power. The Product Property of Radicals is 


used to simplify radical expressions whose radicands are not perfect powers. 


The Product Property of Radicals 
lf Va and Vb are positive real numbers, then V ab = Va 





-Wb 
and Va -Wb =Vab. 





=» Simplify: V 48 





VAS iy 16533 e Write the radicand as the product of a perfect square and a 
factor that does not contain a perfect square. 
=V16V3 e Use the Product Property of Radicals to write the expression 
as a product. 
= 4/3 © Simplify V/16. 


Note that 48 must be written as the product of a perfect 
square and a factor that does not contain a perfect 
square. Therefore, it would not be correct to rewrite 





48 as V4- 12 and simplify the expression as shown V48=V4- 12 
at the right. Although 4 is a perfect-square factor of 48, 4/12 
12 contains a perfect square (12 = 4-3) and V12 can = 2/12 


be simplified. Remember to find the largest perfect 


power that is a factor of the radicand. Not in simplest form 


~> Simplify: V18x2y? 





NATE = V/ 9x4y e Write the radicand as the product of a perfect 
square and factors that do not contain a perfect 
square. 

Vy Oxy eV 2y ¢ Use the Product Property of Radicals to write the 
expression as a product. 
= 3xyV 2y © Simplify. 
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= Simplify: WV x7 
Wxl = WV xo» x © Write the radicand as the product of a perfect cube and a 


factor that does not contain a perfect cube. 


ae 
Wx6 Vx © Use the Product Property of Radicals to write the expression 
as a product. 


iia 


=x VX © Simplify. 


=> Simplify: V32x7 


W32x7 = W/25x7 ® Write the prime factorization of the coefficient of 
the radicand in exponential form. 


= V/24x4(2x3) 


Write the radicand as the product of a perfect 
fourth power and factors that do not contain a 
perfect fourth power. 


| 
BS 
we 
cat 
Is 
< 
i) 
4 
we 
e 


Use the Product Property of Radicals to write the 
expression as a product. 


= 2xV2x3 ° Simplify. 
i Example 1 Simplify: Vx he Try It 1 Simplify: Wt 
Solution Wx = VE x = Wat Vx Your solution 
= 0° Vr 
lExample 2 Simplify: VW—27a5b” You Try It 2 Simplify: VW —64x8y18 
Solution W/—27a5b2 = V (—3)3a°b Your solution 





= W(—3)3a3b 2(a2) 
W(-3)33a3b? Va? 


—3ab4 Wa? 





Solutions on p. S28 


a 


Objective B To add or subtract radical expressions 


The Distributive Property is used to simplify the sum or difference of radical 
expressions that have the same radicand and the same index. For example, 





Adding and subtracting D. : 3x 9V/3x = (2 — 9)W3x = SIN 234 
radicals is similar to 
combining like terms. Radical expressions that are in simplest form and have unlike radicands or 


different indices cannot be simplified by the Distributive Property. The ex- 
pressions below cannot be simplified by the Distributive Property. 


34) = 63 Wax + 3W4x 
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=> Simplify: 3V32x2 — 2xV2 + V128x? 





3V 32x2 — 2xnV2 + V128x2 ¢ First simplify each term. Then 
= 3V 162 V2 — 2x2 + V4? V2 combine like terms by using the 


Distributive Property. 


Be ay 2 2 2 4 Sev 2 
12xV2 — 2xV2 + 8xV2 


= 18xV2 
Example 3 ; ‘ You Try It 3 F ; 
Simplify: 5bV/32a’b> — 2aV162a*b? Simplify: 3xyV 81x5y — V192x8y4 
Solution Your solution 


5bW 32a'b> — 2aW/162a°b° 
= 5bV 16a4b* W2a2b — 2aV\/81b® \/ 2a2b 


4ab?W 2a2b 


Objective C 


5b - 2ab W2a2b — 2a - 3b?W/2a3b 
10ab2 W/2a2b — bab? 2a3b 


Solution on p. S28 


To multiply radical expressions 








The Product Property of Radicals is used to N Bie Sy Vox by = Vv loay 
multiply radical expressions with the same 








index. 
~ Simplify: V2a°b V/16a2b° 
W/2a5b W16a2b? = W/32a7b3 ¢ Use the Product Property of Radicals to 


multiply the radicands. 


W8a°h3 W/4a ° Simplify. 
2a°bW 4a 





=> Simplify: V2x(V8x — V3) 
V/2%(V/ 8X = 3) = V 2x (V8x) = V2x (V3) e Use the Distributive Property. 
= V16x2 — Vox © Simplify. 
= 4x — V6x 





= Simplify: (2V5 — 3)(3V5 + 4) 
(2V5 = 3)(3V5 4) 6(V/5)2 -8V5 95 = 12 @ Use the FOIL method to 


multiply the numbers. 
30 + 8V5 — 9V5 — 12 


18 —V5 ® Combine like terms. 


II 
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> Simplify: (4Va — Vb)(2Va + 5Vb) 
(4Va — Vb)(2Va + 5Vb) 
TAKE NOTE = 8(Va)? + 20Vab — 2Vab — 5(Vb) ° Use the FOIL method. 


The concept of conjugate 
is used in a number of 
different instances. 





= 8a + 18Vab — 5b 




















Make sure you — The expressions a + b and a — b are conjugates of each other. Recall that 
Pte ee (a + b)\(a — b) = a? — b?. This identity is used to simplify conjugate radical 
The conjugate of V3-4 expressions. 
is V3 + 4. 
The conjugate of V3 + 4 Simplify: (V11 — 3)(V/11 + 3) 
is V3 — 4. 
The conjugate of ap 17 a 2D oes rs ° i i 

ee oe ee (CY Wh = GY TEL 2 Sy = ey 1) 3 i = The rate 

a are conjugates. 

; eames eden eaten ae ce cae ace eure saesaneen en cn ecuaee auemepnaace : | Ua ceacc ean nesage secede ce aavouseenecnecesessacne 0seensttaanmmnnnam 
Example 4 You Try It 4 

Simplify: V3x(V 27x? — V3x) Simplify: V5b(V 3b — V10) 

Solution Your solution 

WV OY Ee — AU VRIES = Vee 

= V81x2Vx — V 9x2 
= 94Vx — 3x 

: cdadivebing sa BOlenee vn deeaelaten cee Cet eats Moe caemetan ks neeeccean tate sar maenee We sonvcu'ulns sndioea gngecesauehloesceystaenaneees eee toe -ioselsitass eee 
Example 5 ae — “You Try It 5 oe piel 

Simplify: (2Vx — 3)(3Vx — 4) Simplify: (2V/2x — 3)(W/2x — 5) 

Solution a Your solution 

(2Vx — 3)(3Vx — 4) 

= 6W x? — 8Wx — 9Wx + 12 
= 6Wx? — 17Vx + 12 

BRRDOCOOOOOOOOCOCUCUCOCOOOCOCOOOUEOO OOOO COC OCOCOOOOOC OOOO OOO OOCOOROOOOOOOOOOOO Jt Pe vccccccccccccccccccccccccc cl ecscesceeeecssescccescceccccceceeesecsseosesee 

Example 6 YouTryit6 _ x = 

Simplify: (2Vx — V2y)(2Vx + V2y) Simplify: (Va — 3Vy)\(Va + 3Vy) 

Solution Your solution 





(2Vx — V2y)(2Vx + V2y) 
= (2Vx) — (V2yP 


= 4x — 2y 


Solutions on p. S28 
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VIDEO 
Objective D To divide radical expressions cand J 


presecmaperms sarees 


TAKE NOTE 
3 


Multiplying by oS will | 


| not rationalize the 


, 3x 
denominator of =—. 


Wx 
8 Vie 3V4e 
Nh X/4n SS W/1 6x2? 





Because 16x? is not a 
perfect cube, the 
denominator still 
contains a radical 
expression. 
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The Quotient Property of Radicals is used to divide radical expressions with the 
same index. 


The Quotient Property of Radicals 
lf a and Wb are real numbers, and b + 0, then 


(2 -< and 
b Wh 





81x 


ye 





= Simplify: ~ 


alse W81x5 
yn ae 
WV 2TFIW 3x2 3xV/3x? eo: : 
= — = ; e Simplify each radical expression. 





e Use the Quotient Property of Radicals. 





Via Die 
Vab3c 
V5a*bic? SOOT 
Se a a e Use the Quotient Property of Radicals. 
abc ab°c 
= V5a3b4c 
= Vab*V5ac = ab? V5ac 


=» Simplify: 


Simplify the radicand. 


A radical expression is in simplest form when no radical remains in the denom- 
inator of the radical expression. The procedure used to remove a radical from the 
denominator is called rationalizing the denominator. 








5 
nap Simplify: V2 
/2 
Ou = Boe a= ane es ¢ Multiply by V2 which equals 1. 
V2 D VAS < 
5V2 
- a 2a dey oye 2 
2 
»» Simplify: é 
TEs 
3 ener 











Si Vrs 3 
== © Because V4x- V2x? = \8x°, a perfect cube, 
4x Wx W/2x? Vp y2 


: : V 2x , 
multiply the expression by —~——, which 
V 2x? 


equals 1. 











8x3 ax © Simplify. 
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To simplify a fraction that has a square-root expression with two terms in the 
denominator, multiply the numerator and denominator by the conjugate of the 


denominator. Then simplify. 


















































«> Simplify: ees 
x + Vy 
TAKE NOTE Vx -— Vy Vx — Vy Vx — Vy 
Here is an example of EY yh ja BERS 
using a conjugate to Vx + Vy Ve + Vy NEG Ni 
simplify a radical So) = 2 , ie é 
A = (Vx)? — Vary = Vixy + (Vy) oes 2 xv 4 
Cay aye oy 
‘ l Example 7 You Try it 7 
5 
Simplify: Simpli es 
Pn 75x Pt 35 
Solution Your solution 
5 5 V8 LV OK 
\/ 55 BINS Se 1 58)* 
sV5x _ Vx 
Sy x 
| PEN, Ce ea Ni Re Us ere HER cme Con mec pearoe a ota e" Fa necnseereveccnsetnseertasecnsennnsoeteccrnscennecenccersssttt=az agama: 
i lExample 8 ~ You Try It 8 
3x oie 
Simpliiyvs——= Simplitvs——= 
Pn ee cpa ieas 
Solution : Your solution 
hae phe V 8x? 
W2x W2x° W8x3 
om 3xV'8x3 ks 8x3 
W16x4 2x 
_ 3V8x3 
“2 
lExample 9 You Try It 9 
3 3+ V6 
Simplify; —————| Simpli 
le CERNE iis OEE 
Solution Your solution 
Ce ee ee lee Te) 
5 25 Seo aoe ee vs) 
{154 6V 3", 154 63 
7 ae tan 


Solutions on p. S28 
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9.2 Exercises 


Objective A 


Simplify. 


1. 


5 


9. 


v3. 


Objective B 


V x4y3z5 


A Ae °2° 


Va'*b8 


WV atbicé 


Add or subtract. 


7. 


20. 


IX 


25. 


PAT 


29. 


Vx — 8Vx 


V27a — V8a 


3V 8x2y3 — 2x V 32y3 


2aV 27ab> + 3bV 3a3b 


16 — V/54 
2bW16b2 + VW/128b5 


6. V60xy7z? 


10. Wasp 
14. Vabiicd 


1893 Vy 12 Vy 


21. V18b + V75b 


24. 


26. 


28. 


30. 
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3. V8a3b8 


7. V—9x3 


11. W=125xy4 


15. V16x°y> 


2V32x2y3 — xy V98y 


V/128 + V250 


23a — 3aV/81a 


3V/ x5y7 OKy WV x2y4 


4. V24a°b® 


8. V = xy 


12. W=216x5y° 


16. W64x8y!0 


19/8" 32 


22. 2V2x3 + 4xV 8x 
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31. 33245 — aV/162a 32. 2aWV16ab> + 3bW/256a°b 

33. 2V50 — 3V125 + V98 34. 3\/108 — 2V18 — 3V48 

35. V9b3 — V25b3 + V49b3 36. V4x7y5 + 9x2Vx395 — SxyVx5y3 
37. 2x V8xy? — 3yV32x3 + V4x3y3 38. 5aV3a2b + 2a2V27ab — 4V'75a5b 
39. W54xy3 — 5V/2xy3 + yV128x 40. 2V/24x3y4 + 4xV/81y4 — 3yV24x3y 
41. 2aW/32b5 — 3bW/162a% + W2a‘d5 42. 6yW48x5 — 2xW/243xy4 — 4V/3x5y4 














Multiply. 

43. V8V32 44. V/14V35 45. V4V/8 

46. V/6V/36 47. VxyiVxy 48. Vash Vab4 

49, V2x2y V32xy 50. V5x37 V 100394 51. Vx2y W16x4y2 
52. W4a2b3 V/8ab> 53. VaBGP 54. V/36a2btW/12a5D3 
55. V3(V27 - V3) 56. V10(V10 — V5) 57. Vx(Vx — V2) 
58. Vy(Vy — V5) | 59. V2x(V8x — V32) 60. V3a(V 27a? — Va) 
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61. 


64. 


66. 


68. 


70. 


12% 


4 


Simplify. 
32x? 
76. Tk 
WADE 
a 81 
5 
84. 85. 
Wau 
3 
88. —— 89. 
ve 


Objective D 


(Vx — 3) 





2V 3x2 - 3V12xy3 - Véx3y 





W/8ab W/4a2b3 W/9ab4 


(oe 3)(V 2 = 4) 


(Vy — 2)(Vy + 2) 


(V2x — 3Vy)(V2x + 3Vy) 





sion and how to do so. 
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62. (V2x + 4) 


65. 
67. 
69. 
TAN. 


73. 


e 74. When is a radical expression in simplest form? 





2V 14xy -4V7x2y - 3V 8xy? 








W/2a2b W/4a3b? VW 8a>b® 


(V5 —5)(2V5 + 2) 


(Vx — y)\(Vx +) 


(2V3x — Vy)(2V3x + Vy) 


78. 


82. 


86. 


90. 





V'42a3b> 
V14a2b 











.75. Explain what it means to rationalize the denominator of a radical expres- 


63. 











(4V/5 + 2) 
V65ab4 
79. —— 
V5ab 
2) 
83. — 
V 3y 
oe 
5 
91. —— 
V/3y 
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92. 


96. 


100. 


104. 


107. 


110. 
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V40x3y2 V/15a°b5 V24ab V12x3y 
V 80x23 V30a°b3 V18ab* V20x4y 
5 = 3 —4 

= 97. - 98. = 99. 
Ve 2 WD) Da Ve 3=V2 

2 5 3 a7 

= 101. = 102. 103. 
V5 +2 2-V7 Vy — 2 Vx — 3 

RENE 34 V4 + 3a 
aac Raaie oe 106, ee 
VN VEE 5 2 
2+3V5 DAE = | =Vh 
cee) 108. eee Ih 109. 2Va~Vb 
ih we Ry ee 4Va + 3Vb 
Bus S8 We ip Ben 49 
Ve +2 LV y + 2y | 3Vireee 


APPLYING THE CONCEPTS 


113. 


114. 


Determine whether the following statements are true or false. If the 
statement is false, correct the right side of the equation. 








a, Vi-VA= V/12 bese Vees Be VE He 
d. Vx + Vy = Vx +y enV 26/3 ty es f. 8V/a — 2Wa = 6Va 





Multiply: (Wa + Vb)(Wa? — Wab + Wb?) 


Aa 
2 ED) ' 
Rewrite ————— as an expression with a single radical. 

Vat+b 
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Objective A 










Point of Interest 


written occurrence of 
an imagina eo ina 
book published in 1545 by 


Girolamo Cardan, where he 
wrote (in our modern notation) 
5 + V—15. He went on to say 
that the number “is as refined 
as it is useless.” It was not 
until the 20th century that 
applications of complex 
numbers were found. 


prsmrroasemereorrreescmatetncc 


| TAKE NOTE 


The imaginary part of a 
complex number is a 

real number. As another 
example, the imaginary 


part of 6 — 81 is —8. | 


censeassestsinenninenomion 
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Complex Numbers 
To simplify a complex number as 7 “o> iv Ap: 





The radical expression V —4 is not a real number, because there is no real num- 
ber whose square is —4. However, the solution of an algebraic equation is some- 
times the square root of a negative number. 


For example, the equation x? + 1 = 0 does not have a real ao lo 0 


number solution, because there is no real number whose Ges = 1 


square is a negative number. 

Around the 17th century, a new number, called an imaginary number, was 
defined so that a negative number would have a square root. The letter 7 was cho- 
sen to represent the number whose square is —1. 


2? =-1 


An imaginary number is defined in terms of i. 


Definition of V—a 


If a is a positive real number, then the principal square root of negative a is the imaginary 


number iV a. 





Here are some examples. V =16 =1V 16 = 47 
N/M? S=UN/12 = 217 3 
V-21 =iv21 
NV Sayin 


It is customary to write i in front of a radical to avoid confusing Va i with 
Vai. 


The real numbers and imaginary numbers make up the complex numbers. 


Complex Number 


A complex number is a number of the form a + bi, where a and bare real numbers and 
j= V—1.The number ais the real part of a + bi, and bis the imaginary part. 





Examples of complex numbers are shown at 7 ane eee imaginary Part 
S a oe a 

the right. cc eee i 
eine ig a reese 

> ; Oe “4 Re fig i 
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Real Numbers A real number is a complex 
aes 00 number in which b = 0. 
Complex numbers 
Oe Dt 
Imaginary Numbers An imaginary number is a 
0+ bi complex number in which 
a=0. 


=> Simplify: V20 — V—50 








V20 — V—50 = V20 — iV50 ¢ Write the complex number in the 
form a + bi. 
= V455 S41 2512.2 ¢ Use the Product Property of Radicals 
_ to simplify each radical. 
= 2 Neo Va 
[os ah ee Sa You Try!it1 | 
Simplify: V —80 Simplify: V —45 
Solution , Your solution 
V—-80 =iV80 =iV16-5=4i1V5 
Pee, "al ae Try It 2 
Simplify: V25 + V—40 Simplify: V98 — V—60 
Solution Your solution 
V25 + V—40 = V25 + iV40 
= V25 +iV4- 10 
=5 + 2iV10 


Solutions on p. S28 





Objective B To add or subtract complex numbers 


Addition and Subtraction of Complex Numbers 


To add two complex numbers, add the real parts and add the imaginary parts. To subtract 
two complex numbers, subtract the real parts and subtract the imaginary parts. 


(ac DI) -— (c-4 di)e=.(aec) (b+ d)i 
(a+ bi) = (e+ di) = (a= ¢) (b= d)i 





™ Subtract: (3 — 7i) — (4 — 22) 





(3 — 7i) — (4 — 21) = G — 4) + [-7 -— (-2)]i ¢ Subtract the real parts and 
subtract the imaginary parts 
of the complex numbers. 

=i] ue 


II 
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»™ Add: (3 + V—-12) + (7 — V—27) 
(3 SBN 12) 27 — 227) 


=(3 + iV/12) + (7 = iV27) e Write each complex number in the form 
at bi. 
= (3-44-33) (1 Ov 9 23) © Use the Product Property of Radicals to 


simplify each radical. 


(84 27 3y Ee  —3iV 3) 


= 10 =iV3 e Add the complex numbers. 

Pe: 3 *You Try it 3 

casket) + (6 — 51) Subtract: (—4 + 21) — (6 — 81) 

Solution Your solution 

mie (6 — 51) = 9 — 31 

ES feng os sho ssc oasansgyn<hcacosscns wea ccbseseoe sere Desesesesseseseseseneeeeseseseseneneneesesenencecnsuceeeseeeseseasssnceneeesees 
“Example 4 ae You Try It 4 

eupiract (9 — V—8) — (5 + V—32) Subtract: (16 — V—45) — (3 + V—20) 

Solution Your solution 


(9 — V—8) — (5 + V—32) 
= (9 —iV8) — (5 + iV32) 
= (9 —iV4- 2) — (5 + iV16- 2) 
=(9 — 27/2) - (5 + 412) 


=A 6iV2 
ae 5 ; You Try It 5 
Add: (6+ 4:1) + (—6 — 41) Ndd ae et) ee 5a 20) 
Solution Your solution 


(6-441) + (—6 — 44) =0+ 0: =0 
This illustrates that the additive inverse 
ofa + biis —a — bi. 
Solutions on p. S28 


> Wh 
»OS & 
TUTOR WEB SSM 


When multiplying complex numbers, we often find that 7? is a part of the prod- 
uct. Recall that i? = —1. 








To multiply complex numbers 





=> Multiply: 27 - 37 


Digs 315 =" 01" e Multiply the imaginary numbers. 


II 


6E 1) © Replace i? by —1. 
= -6 © Simplify. 
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TAKE NOTE 


This example illustrates 
an important point. 
When working with an 
expression that has a 
square root of a negative 
number, always rewrite 
the number as the 
product of a real number 
and 7 before continuing. 


Multiply: V—6 - V—24 


V-6-V—-24 =iV6 -iV24 ¢ Write each radical as the product of a 
real number and i. 
= 2/144 © Multiply the imaginary numbers. 
= A © Replace /? by —1. 
= —12 © Simplify the radical expression. 


Note from the last example that it would have been incorrect to multiply the rad- 
icands of the two radical expressions. To illustrate, 





V-6-V—-24 = V(—6)(—24) = V144 = 12, not —12 


Multiply: 47(3 — 27) 


4i(3 — 21) = 12i — 812 e Use the Distributive Property to remove 
parentheses. 
— 127, S(— 1) © Replace i? by —1. 
= 8+ 121 © Write the answer in the form a + bi. 


The product of two complex numbers is defined as follows. 


The Product of Two Complex Numbers 


(a + bi\(c + di) = (ac — bd) + (ad + be)i 





One way to remember this rule is to use the FOIL method. 


» Multiply: (2 + 47)(3 — 52) 


(22 At) (3°= 51) 6 101-- 12e = 2077 ° Use the FOIL method to find 
the product. 
=67 21 — 20:2 
=64- 21. — 20(—1) ¢ Replace i? by —1. 
= 26 + 2i © Write the answer in the form 


at bi. 


The conjugate of a + bi isa — bi. 
The product of conjugates, (a + bi)(a — bi), is the real number a2 + b?. 


(a + bil(a — bi) = a2 — b272 


=a — p4{—1) 
aie Seale 
=> Multiply: (2 + 3i)(2 — 3i) 
C2etenot)( 2) 31) = 22 32 ® The product of conjugates is a? + b2. 
7 =449 
= 13 


Note that the product of a complex number and its conjugate is a real number. 
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ORS O OOOOH HEHEHE SESE HEHE E EH EE SESE SES EE EOE E SESE SEEEE SSH OS EHH OEE EOE OE OED 


Example 6 
Multiply: (27)(—5z) 


Solution 
ZaGop — — 1077=(—10)(—1) = 10 


POR e ee cree eee eres sees eee se BeOS ESOS ESEEESEEESHEE HEHE EEEESESESEE ESHEETS EES 


Example 7 Rik 
Multiply: V-10-V—-5 
Solution —_> oe Bs 
V—-10-V—5 =iV10-iVS5 
= 72\/50 = -V25-2 = —-5V2 





Reo 8 
Multiply: 3i(2 — 47) 
Solution: 
Biers?) — 61 — 1272 = 61 — 12(—1) 
= 2. See 
“Example 9 





Multiply: V-—8(V/6 — V —2) 

Solution 

\/=8(V6 — V—2) = iV8(V6 — iV2) 
= i1V48-— i2V/16 
= iV16-3 —(-1)V16 
= 41V3+4=4+4 4iV3 





POO me eee eee eee eee seers see eS HES HOT EO THEO EE SESESEOEO ES STSIH OSES SOSH ETO OES 


Example 10 
Multiply: (3 — 47)(2 + 52) 
Solution 
eas) 51) = 6 + 152 — 81 — 2077 
6) AE 
=o 4 11 — 20(-1) = 264 77 


PCO emer e emer ees eee eee eT eS eO SHO OHHH ESE HEHEHE S ERTS SHOT SESEHHSHH OSH OH SHOE SEDE® 


Multiply: (4 + 57)(4 — 52) 


Solution 
(4 + 5i)(4 - Si) = 42 + 52 = 16 + 25 = 41 


POO e meee Hee eee E ETE SESH EHH EEO O HEHEHE EEH ESSE ESS ES EH EEHESESEH ESE SESH SOSEDES 


Example 12 

Multiply: (= 43 2 (1 = ti) 

Solution 

(2+ 3a(1 - 4) = 2-354 55-5? 
iON etl ye ohn al 


ae 10 ee oe 10 
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Coe Peer meee ees eee Eee EEO EEE EES ESES HEHEHE ESEHEHEE EEE SH SHOES EESEESESEH SES HEH HOEY 


You Try It 6 
Multiply: (—3z)(—10z) 


Your solution 


Ree POCO e Ome meee eee Ese HEHE EEE HED EE EH EHS ES SEES ESESESESESHSHSESESEH EE HEE HED EO SEOES 


YouTrylt7 > (ae 
Multiply: -V-8-V—5 


Your solution 


Poe Fee eee e HEE OOOH ES THEE HEHEHE SED ESET SEES ESE ESOHE HEHEHE SHSEE EEE EO HOH EESEH OSH EEED 


You Try It 8 
Multiply: —6i(3 + 41) 


Your solution 


AOA POM eee meee eee eee eH OHO EEE H HEHE ETS EEHEEESEOEEETH SESE SEHSEO ESTES EEOEHEEEED HES ESOS 


You Try it 9 
Multiply: V-—3(V27 — V-6) 





Your solution 


Ree Fee emcee er ee esses ese EES OES EO SESE EEO EHHESES EOD EESESOHEEHESES SSH SSO HE EESOH EEE OEES 


You Try It 10 
Multiply: (4 — 32)(2 — 1) 


Your solution 


Po ee Peo meee reese eee ese eeses Hes ESE H HEHE HHO HESS ESH SSS EHEEHEH HSE SESH EESEEE ESSE H OOS 


You Try It 11 
Multiply: (3 + 6i)(3 — 67) 


Your solution 


cece eee rece seccee rece recesses ee ees OSES SOT ESEEHEE HEH SES SSOES SOSH EEE OH OE SESESSOSESOS 


You Try It 12 
paikjnbale = (4 i ii 


Your solution 


Solutions on pp. S28—S29 
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A rational expression containing one or more complex numbers is in simplest 


Q6 


TUTOR WEB 


5 SSM 


form when no imaginary number remains in the denominator. 



































POR E HRT Re Hee H HHO EE EEO EHH EE EEH SES EEE HES SET EEES EHH EESEEHESHEEHESEEEHESEEESEES FHEEHEESOESHEE HEE EEE EEE EEE SES EEHHTE HES EES EEE SESE EEE EEE EEE EEE EEE SEH EEE EOHOES OSES 











» Simplify: : a Z 
De Se i 
5 
_ 2i- 3? 
oe 
_ 2i - 3(-1) 
PEA 
342i 
» ea) 
coe 
Sat 
2 : 3 + 2i 
~ Simplify: ae 
34+2i 3+2i 1-i 
(ee ate eer 
ee ee 
im (eae 
_3-i-2(-1) 
a 2 
etiam ae 
ap a eo 
Example 13 
Simplify: 2 “: a 
Solution 
Sate ae te A 
3( ee 
_5it+4(-1)_ -44+5i 4 = 5, 
* VEIN ger oe acy 
Example 14 
Simplify: aa 
4+ 21 
Solution 
5-31 5-3i 4-2i 
447 Ae Aa 
20 — 10i — 12i + 677 
i. A? 4 32 
_ 20 — 22i + 6(-1) 
sate 20 
_ 14-22 14 922.) ae 
9g oo 30 ~ to eee 


¢ Multiply the expression by 7 


e Replace /? by —1. 
e Simplify. 


e Write the answer in the form a + bi. 


® Multiply the numerator and denominator by 
the conjugate of 1 + i. 

e Int+i/,a=1and b=1. 
a+ h=?+ 12, 

© Replace i? by —1 and simplify. 


e Write the answer in the form a + bi. 


~ You Try It 13 


a Bi 
4i 





Simplify: 


Your solution 


3 You Try It 14 


24+ 51 


Simplify: >; 





Your solution 


Solutions on p. S29 
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9.3 Exercises 





Objective A 


e, 1. What is an imaginary number? What is a complex number? 


@, 2. Are all real numbers also complex numbers? Are all complex numbers 
also real numbers? 




















Simplify. 

See 4 Aun =64 5a \/=98 64-72 

Tee 27 Suny —75 Ou y/ 16erV 24 10. 25 4 y =O 
fie 12 \/ —18 12> V60— Vv —48 1308 V160=\ = 147 14. VO6>V—D5 


Objective B 


Add or subtract. 





15. (2 + 4i) + (6 — 5i) 16. (6 — 9i) + (4 + 2i) 
17. (—2 - 4i) — (6 - 8i) 18. (3 — 5i) + (8 — 2i) 

19. (8 — V—4) — (2 + V-16) 20. (5 — V—25) — (11 — V—36) 

21. (12 — V—50) + (7 - V-8) 22. (5 — V—12) - (9 + V—108) 

pam 8 + V—18) + (V32 — V=72) 24, (40 — V—98) — (V90 + V—32) 


Objective C 
Multiply. 
25. (7i)(—9i) 26. (—6i)(—4i) 27 VN 8 
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28. V—5V—45 29 V3 6 20. \VS5VaIG 
31. 2i(6 + 23) 32; —3i(4— 52) 33. V—-2(V8 #V 22) 
340) = 30 12 =) 35, (> = 2G) 36. 2— 4)2 
37. (6 + 51)(3 + 21) EF (CS NO & Bd) 89 al + | 

Dh op, ie Gro. 2 ele ne 
40. e = 2i|(1 + >) 41. (: ds 2i)(¢ ;i) oY. IO} a(2 oo x! 





Objective D 






































Simplify. 
3 4 2 = By 16+ 52 
43. — 44. — 45. 46. 
1 51 ° —41 = Si 
4 6 2 5 
. i 49. Z 
a 541 +o 5421 2 2=1 20 4 
f= Der 21 TO Vee 
51, a 52. 530 ee ve 
341 S+1 V8 —-V-2 V12-V-8 
2— 31 34+ 51 54+ 31 SS Bi 
SHS) Taey 56. EE 7. omer 58. re = 


APPLYING THE CONCEPTS 


59. a. Is 3i a solution of 2x? + 18 = 0? 
b. Is 3 + 7a solution of x? — 6x + 10 = 0? 


60. Evaluate i” for n = 0, 1, 2, 3, 4, 5, 6, and 7. Make a conjecture about the 
value of i" for any natural number. Using your conjecture, evaluate i”°. 
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Equations Containing 
Radical Expressions 


To solve a radical equation 


(CAP 


TUTOR WEB 
: ; ; 3 
An equation that contains a variable 2x —-5+x=7 | Radical 
expression in a radicand is a radical \/¢ 1 = Vx = 4 | Equations 
equation. 


The following property is used to solve a radical equation. 


The Property of Raising Each Side of an Equation to a Power 


If two numbers are equal, then the same powers of the numbers are equal. 


la—"b then a™— pb” 





= Solve: Vx — 2 —6 = 0 


Vx -—2-6=0 
Vx—-2=6 e Isolate the radical by adding 6 to each side of the equation. 
(Vx — 2)? 25 [04 ¢ Square each side of the equation. 
x= 29136 ¢ Simplify and solve for x. 
x = 38 


Check: Vee Q=b=0 





676100 
0=0 


38 checks as a solution. The solution is 38. 


= Solve: W/x +2 = —3 


Vx +2 =-3 
(Vx + 2)3 = (-3)3 © Cube each side of the equation. 
ees 7h ¢ Solve the resulting equation. 
ii 
Check: Wx +2 = -3 
W-29+2 | -3 
W-27 | -3 


—29 checks as a solution. The solution is —29. 
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Raising each side of an equation to an even power may result in an equation 
that has a solution that is not a solution of the original equation. This is called 
an extraneous solution. Here is an example: 


= Solve: V2x —-1+ Vx =2 














Vix = 1+ Vx=2 
Vie —1=2= Vx ¢ Solve for one of the radical expressions. 
TAKE NOTE (V2x = 1)2 = (2 — Vx) ¢ Square each side. Recall that 
NGtee ree ae (a — b)? = a? — 2ab + Bb. 
(2-— Vx)? = ie iota ae 
(2 — Vx)(2 — Vx) athe Vx 
mugs (x — 5)? = (-4V x)? e Square each side. 

Ove, Zoe ton 
TAKE NOTE oO a ¢ Solve the quadratic equation by factoring. 
You must always check Ge = Dees =A = 
the proposed solutions to x=25 or x=1 
radical equations. The = = 
proposed solutions of the Check: V2x —=14+Vx=2 V2x -1+Vx=2 
equation on the right = 
were 1 and 25. However, V2(25) =14+V25 | 2 V2(1) = (lee Vi Z 
25 did not check as a Loe > | 2 Il ar it || 2 
solution. Here 25 is an ees jy) 


extraneous solution. 
25 does not check as a solution. 1 checks as a solution. The solution is 1. 





“Example 1 ee Try It 1 
Solve: V3x —1 = —4 Solve: Wx — 8 =3 
Solution Your solution 
\/3e = = 4 Check: 
(Wx —1 = (-4)) Vint So 
3x -1=-64 SMe a \) ea 
3x = -63 ESET 
se = 94 —-4=-4 


The solution is —21. 


SOPHO SSE SOE OOH E OSE SE OED EEO OOH EES ESE SOE E OE EEO EEO OEOS OES E ODO OE OSE EOS OOS OO EOS S OEE CCOE OCOD OOOO REEL CEE OOOO EOD E OEE E OES O EOE OOH OOOO SEO ere ees eeeeEeeseseeeeeeees 








Example 2 You Try It 2 
Solve: Vx —1+Vx+4=5 Solve: Vx — Vx +5 =1 
Solution Your solution 
Vx-14+Vx4+4=5 

Vx+4=5-Vx-1 


(Vx + 4)* = (5 — Vx — 1) 
x+4=25-10Vx-l1+x-1 


2=Vx-1 

2? = (Vx -— 1) 
Anite] } 

5=x 


5 checks as a solution. The solution is 5. Solutions on p. S29 


Copyright © Houghton Mifflin Company. All rights reserved. 


527 


Section 9.4 / Equations Containing Radical Expressions 


> 


A right triangle contains one 90° angle. The side 
opposite the 90° angle is called the hypotenuse. The 
other two sides are called legs. 





Fo% y 


To solve application problems ba 





Objective B 





Pythagoras, a Greek mathematician, discovered 

that the square of the hypotenuse of a right triangle e 
is equal to the sum of the squares of the two legs. 

This is called the Pythagorean Theorem. 





rithmetic Classic, 
which was first written 
around 600 B.C. 


2 2 2 
c=a +b 
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Example 3 

A ladder 20 ft long is leaning against a 
building. How high on the building will the 
ladder reach when the bottom of the ladder 
is 8 ft from the building? Round to the 
nearest tenth. 





Strategy 

To find the distance, use the Pythagorean 
Theorem. The hypotenuse is the length of 

the ladder. One leg is the distance from the 
bottom of the ladder to the base of the 
building. The distance along the building from 
the ground to the top of the ladder is the 
unknown leg. 


Solution 
cag 4 D 
202 8 + b2 
400 = 64 + b? 
B30— b 
(336) = (b2)12 
V336=b 
18.3 =b 


The distance is 18.3 ft. 


POPC e eee rere eee HEH HOE EHH HHS OEE SE HESE SEE EEESESESESST DES EEEEESESEH SES ED ESOS 


You Try It 3 

Find the diagonal of a rectangle that is 6 cm 
long and 3 cm wide. Round to the nearest 
tenth. 


Your strategy 


Your solution 


Solution on p. S29 
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‘ Example 4 

An object is dropped from a high building. 
Find the distance the object has fallen when 

its speed reaches 96 ft/s. Use the equation 

v = V64d, where v is the speed of the object in 
feet per second and d is the distance in feet. 





Strategy 

To find the distance the object has fallen, 
replace v in the equation with the given value 
and solve for d. 


Solution | 
v = V64d 
96 = V64d 
(96)? = (V64d)? 
9216 = 64d 
144=d 


The object has fallen 144 ft. 


it 4 
FARO m emcee wna e eres sees esse eee EEE eee HEse seams ses Sees eEsseaesesesessse® pres eeeccccccccvccecccscesesecercreccsscsccccsecsesscsesccsesssssssesseeseceses 


Example 5 
Find the length of a pendulum that makes one 
swing in 1.5 s. The equation for the time of one 
swing is given by T = Dre where T is the 
time in seconds and L is the length in feet. 
Round to the nearest hundredth. 


Strategy 
To find the length of the pendulum, replace T 
in the equation with the given value and solve 


ivoyi' 1b. 


Solution 


e Divide each side by 27. 


L5 iL 
(=| = 30 © Square each side. 
1.5) 
a2, ae = ¢ Multiply each side by 32. 
1.82 =L e Use the 7 key on your 
calculator. 


The length of the pendulum is 1.82 ft. 


~ You Try It 4 
How far would a submarine periscope have to 
be above the water for the lookout to locate a 
ship 5.5 mi away? The equation for the 
distance in miles that the lookout can see is 
d = V1.5h, where h is the height in feet above 
the surface of the water. Round to the nearest 
hundredth. 


Your strategy 


Your solution 


~You Try It 5 
Find the distance required for a car to reach a 
velocity of 88 ft/s when the acceleration is 
22 ft/s*. Use the equation v = V 2as, where v is 
the velocity in feet per second, a is the 
acceleration, and s is the distance in feet. 


Your strategy 


Your solution 


Solutions on p. S29 
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9.4 Exercises 


Objective A 





Copyright © Houghton Mifflin Company. All rights reserved. 


10. 


13. 


16. 


19. 


22. 


25. 


28. 


S1- 


W3 = Be = 7 


6=V8—7x 


ex = 3 


V3x+9-12=0 


Wei—= 3 4+5=0 
WV xe — 8x = 3 
WV 2x — 9 = 3 


11. 


14. 


17. 


20. 


Pee 


26. 


Pde 


32: 
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Ways 
3x = 12 
Wox = —3 
Ve Des 
VO 4 = 4 
Wax —1=2 
V3 — 2x = -2 


Vdx —-3-5=0 


Wx —2=3 


Vx? +7x+11=1 


Vi2K pe Set) aL 


123 


iS: 


18. 


21. 


24. 


2a. 


30. 


B35 


Veo 
V5x = 10 
V2x = —4 
5x —-4=9 
7 = Vi 3x 
W5x+2=3 
Vox+1=4 
Vex-2=4 
WV 2x = 6.=4 
Wax +1 =2 


VW34—-5=5=3 
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349 \9e = 35 =o 









27. VN 3G 52 = 


A400) V4 Se 3 


43. 7=V3xi1==—1 


46. VWx2+ 3x -—-2=-x=1 


49, Vx? —2x+1=3 





525 1 = Va 


55. Vere 2 = 


58. 4Vx+1—-x=1 


Objective B 


of 8 ft. 


55; 


38. 


41. 


44. 


47. 


50. 


D3. 


56. 


oh f 


Application Problems 


Wx —-44+7=5 


\/ en ee 


\/ eee Ss = 3 


Vx+1=2-V<x 


Vx? 2 4y 1 + 3 =x 


VPS Sy eS = | 


V5x+4-V3x+1=1 


Vat 4 £8 —2=0 


3Vx%—2 +2 —x 


36. 


29: 


42. 


45. 


48. 


ithe 


54. 


Bile 


60. 


61. Find the width of a rectangle that has a diagonal of 10 ft and a length 


V5x-16+1=4 


\/ Tx 2 = 10) eee 


1-V4x+3=-5 


/2x +4 =3—\ 


Wc == 2 





Vax +1-V2x+4=1 


Vx2+2-3=0 


Wx? + x — 1 


x+3Vx-—-2=12 


10 ft 


8 ft 
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62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 
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Find the length of a rectangle that has a diagonal of 15 m and a width of 
on. 


A 26-foot ladder is leaning against a building. How far is the bottom 
of the ladder from the building when the ladder reaches a height of 
24 ft on the building? 


A 16-foot ladder is leaning against a building. How high on the building 
will the ladder reach when the bottom of the ladder is 5 ft from the build- 
ing? Round to the nearest tenth. 


An object is dropped from an airplane. Find the distance the object 
has fallen when its speed reaches 400 ft/s. Use the equation v = V 64d, 
where v is the speed of the object and d is the distance. 


An object is dropped from a bridge. Find the distance the object has fallen 
when its speed reaches 100 ft/s. Use the equation v = V 64d, where v is 
the speed of the object and d is the distance. 


How far would a submarine periscope have to be above the water for the 
lookout to locate a ship 3.6 mi away? The equation for the distance in 
miles that the lookout can see is d = V1.5h, where h is the height in feet 
above the surface of the water. 


How far would a submarine periscope have to be above the water for the 
lookout to locate a ship 4.2 mi away? The equation for the distance in 
miles that the lookout can see is d = V1.5h, where h is the height in feet 
above the surface of the water. 


Find the length of a pendulum on a clock that makes one swing in 
2.4 s. The equation for the time of one swing of a pendulum is given 


by T = 2m where T is the time in seconds and L is the length in 
feet. Round to the nearest hundredth. 


Find the length of a pendulum that makes one swing in 3 s. The equa- 


EDy 
where T is the time in seconds and L is the length in feet. Round to 
the nearest hundredth. 


tion for the time of one swing of a pendulum is given by T = 2a 





531 
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Find the distance required for a car to reach a velocity of 60 m/s 
when the acceleration is 10 m/s?. Use the equation v = V/2as, where 
v is the velocity, a is the acceleration, and s is the distance. 


The time it takes for an object to fall a certain distance is given by the 

[2d ; ; : ; 
equation ¢ = ‘= where ¢ is the time in seconds, d is the distance in 
feet, and g is the acceleration due to gravity. The acceleration due to grav- 
ity on Earth is 32 feet per second. If an object is dropped from the top of 
a tall building, how far will it fall in 6 s? 


High definition television (HDTV) gives consumers a wider viewing 
area, more like a film in a theater. A regular television with a 27-inch 
diagonal measurement has a screen 16.2 in. tall. An HDTV screen with 
the same 16.2-inch height would have a diagonal measuring 33 in. How 
many inches wider is the HDTV screen? Round to the nearest hundredth. 


At what height above Earth’s surface would a satellite be in orbit if it 
a0 ae 
h + 6.4 x 10°” 
where v is the speed of the satellite in meters per second and h is the 
height above Earth’s surface in meters. Round to the nearest thousand. 





is traveling at a speed of 7500 m/s? Use the equation v = * 


APPLYING THE CONCEPTS 


viey 


76. 


4 


Le; 


vis 


Solve the following equations. Describe the solution by using the follow- 
ing terms: integer, rational number, irrational number, real number, and 
imaginary number. Note that more than one term may be used to describe 
the answer. 

anc oi 7 Dole 0 C. 477 = 8 





Solve: V3x — 2 = V2x —-3+ Vx-1 
Solve a? + b2 = c? fora. 
Solve V = sar} for r. 


Find the length of the side labeled x in the diagram at the right. 
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@ Focus on Problem Solving 


Another Look at 
Polya’s Four-Step 


Process 


Polya’s four general steps to follow when attempting to solve a problem are to 
understand the problem, devise a plan, carry out the plan, and review the solu- 
tion. (See the Focus on Problem Solving in the chapter entitled “Factoring.”) 
In the process of devising a plan (Step 2), it may be appropriate to write a 
mathematical expression or an equation. We will illustrate this with the follow- 
ing problem. 


Number the letters of the alphabet in sequence from 1 to 26. (See the list at the 
left.) Find a word for which the product of the numerical values of the letters of 
the word equals 1,000,000. We will agree that a “word” is any sequence of letters 
that contains at least one vowel; it need not be in the dictionary. 


1. Understand the Problem 
Consider REZB. The product of the values of the letters is 18 - 5 - 26 - 2 = 4680. 
This “word” is a sequence of letters with at least one vowel. However, the 
product of the numerical values of the letters is not 1,000,000. Thus this word 
does not solve our problem. 


2. Devise a Plan 

Actually, we should have known that the product of the values of the letters in 
REZB could not equal 1,000,000. The letter R has a factor of 9, and the letter 
Z has a factor of 13. Neither of these two numbers is a factor of 1,000,000. 
Consequently, R and Z cannot be letters in the word we are trying to find. This 
observation leads to an important observation: Each of the letters that make 
up our word must be a factor of 1,000,000. To find these letters, consider the 
prime factorization of 1,000,000. 


1,000,000 = 2° - 5° 


Looking at the prime factorization, we note that only letters that contain 2 or 
5 as factors are possible candidates. These letters are B, D, E, H, J, P, T, and 
Y. One additional point: Because 1 times any number is the number, the let- 
ter A can be part of any word we construct. 


Our task is now to construct a word from these letters such that the product 
is 1,000,000. From the prime factorization above, we must have 2 as a factor 
six times and 5 as a factor six times. 


3. Carry Out the Plan 
We must construct a word with the characteristics described in our plan. 
Here is a possibility: 


THEBEYE 


4. Review Your Solution 
You should multiply the values of all the letters and verify that the product is 
1,000,000. To ensure that you have an understanding of the problem, try to 
find other “words” that satisfy the conditions of the problem. 
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@ Projects and Group Activities 


Distance to the 
Horizon 


In Section 9.4, we used the formula d = V1.5h to calculate the approximate 
distance d (in miles) that a person using a periscope / feet above the water could 
see. That formula is derived by using the Pythagorean Theorem. 


Consider the diagram (not to scale) at B 
the right, which shows Earth as a sphere ia 
and the periscope extending h feet above = 

the surface. From geometry, because 


AB is tangent to the circle and OA is a 
radius, triangle AOB is a right triangle. 
Therefore, 


(OA)? + (AB)? = (OB)? 


Substituting into this formula, we have 





ih OW 
39602 + d? = [3960 + g © Because his in feet, a is in miles. 





5280 
Zeno 00 ig ve 
2+ d? = 3960? + ———h, + 
3960 3960 5280 h (=| 





hope We 
ded Me (=| 


d= [3n+| i } 
2" ” (5280 


At this point, an assumption is made that , Sn 4 (a5) ~ V1.5h, where we 











have written ; as 1.5. Thus d ~ V1.5h is used to approximate the distance 


that can be seen using a periscope / feet above the water. 


©, 1. Write a paragraph that justifies the assumption that 





(Suggestion: Evaluate each expression for various values of . Because / is the 
height of a periscope above the water, it is unlikely that 2 > 25 ft.) 


2. The distance d is the distance from the top of the periscope to A. The distance 
along the surface of the water is given by arc AD. This distance, L, can be 
approximated by the equation 


a, Tie \3 
Wa ae phot oh 
L=V1.5h 0.306186 7 


Using this formula, calculate L when h = 10. 
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Pythagorean Triples The Pythagorean Theorem states that if a and b are 
the legs of a right triangle and c is the length of the a = 
hypotenuse, then c? = a2 + b?. 


b 


2 2 2 
Chet 


For instance, the triangle with legs 3 and 4 and hypotenuse 5 is a right triangle 
because 3? + 42 = 52. The numbers 3, 4, and 5 are called a Pythagorean 
triple because they are natural numbers that satisfy the equation of the 
Pythagorean Theorem. 


1. Determine whether the numbers are a Pythagorean triple. 
ane and.o bao 5and 17 
Gall o0sand 61 d. 28, 45, and 53 


Mathematicians have investigated Pythagorean triples and have found formulas 
that will generate these triples. One such formula is 


a=m-—n?2 b = 2mn c=m~+n2,wherem>n 


For instance, let m = 2 and n = 1. Thena = 22 - 12=3, b= 2(2)(1) = 4 Sane 
c = 2* + 1? = 5. This is the Pythagorean triple given above. 





2. Find the Pythagorean triple produced by each of the following. 
a.m =3andn = 1 D7, =) and 1 —2 
c. m=4andn =2 d. m=6andn = 1 


3. Find values of m and n that yield the Pythagorean triple 11, 60, 61. 


4. Verify that a? + b? = c? when a = m? — n2, b = 2mn, andc = m2 + n?. 











Sy 5. The early Greek builders used a rope with 12 equally spaced knots to make 
right-angle corners for buildings. Explain how they used the rope. 





6. Find three odd integers, a, b, c, such that a2 + b2 = c?. 


of a. [pp. 497, 499] 


In the expression Wa , the symbol V _ is called a radical sign, n is the index, and 
a is the radicand. [p. 499] 
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Key Words The nth root of a is a'". The expression Wa _ is another symbol for the nth root : 
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Essential Rules 


The symbol V _ is used to indicate the positive or principal square root of a 
number. [p. 501] 


The expressions a + b anda — bare called conjugates of each other. The product 
of conjugates of the form (a + b)(a — b) is a* — b?. [p. 510] 


The procedure used to remove a radical from the denominator of a radical 
expression is called rationalizing the denominator. |p. 511 | 


A complex number is a number of the form a + bi, where a and b are real num- 
bers and i = V-—1. For the complex number a + bi, a is the real part of the 
complex number, and b is the imaginary part of the complex number. [p. 517] 





A radical equation is an equation that contains a variable expression in a 
radicand. [p. 525] 


Rule for Rational Exponents |p. 497] 


I/n min — 


is a real number, then a”” = (G9 


If m and n are positive integers and a 


Rule for Writing Exponential Expressions as Radical Expressions [p. 499] 


eo 7 11 
lia’ isa real number thena™” — \ a". 


The Product Property of Radicals [p. 507] 
If a and b are positive real numbers, then Wab = VawWb. 


The Quotient Property of Radicals [p. 511] 


ae a 
If a and b are positive real numbers, then ."/- = —=. 


Definition of V —a [p. 517] 


If a is a positive real number, then the principal square root of negative a is the 
imaginary number iVa: V—a = iVa. 





Addition of Complex Numbers [p. 518] 

Ifa + biandc + di are complex numbers, then 
(a+ bi) + (Ce di)=(@ Fc) + he dvi. 
Subtraction of Complex Numbers [p. 518] 

Ifa + bi andc + di are complex numbers, then 

(a + bi) —- (c+ di)=(a-—c)+(b- dvi. 

The Property of Raising Each Side of an Equation to 
a Power [p. 525] 


If a and b are real numbers and a = b, then a” = b”. 


The Pythagorean Theorem [p. 527] 


The square of the hypotenuse of a right triangle is equal to the sum of the squares 
of the two legs. 
eo = at 


SSP eoCesseeseeeHeestesesseeEeseseeeeeeesees 


PRESSES SEEEEHETESHHEHEEHETHESEEESHESEHHEHHEDETHESH ESE ETE EEEEEEEEE 
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11. 


13. 


15. 


17. 


& Chapter Review 


Simplify: (16x«-4y!?)!4(100xy-2)12 
Multiply: (6 — 57)(4 + 32) 
Multiply: Ces : DOV a) 


3/2 


: : x 
Simplify: ie 


Simplify: V—8a°b” 


an 2 


x 
Simplify: ————— 
a Vx + V2 
Simplify: V 18a3b° 


Subtract: 3xW/54x8y!0 — 2x2yV/16x5y7 


Multiply: i(3 — 72) 


10. 


ine 


14. 


16. 


18. 


Chapter Review 537 


7 
Solve: V3x — 5 = 2 

: V2 : 
Rewrite 7yVx* as an exponential expression. 


Solve: V4x +9+10= 11 


8 
Simplify: — = 
V 3y 


Subtract: V50a4b3 — abV/18a2b 


DP ot 
31 





Simplify: 


Subtract: (V50 + VED) = (V162 = 17 28) 


Multiply: W16x4y Waxy? 


Rewrite 3x34 as a radical expression. 


538 


1k 


21: 


23: 


Pay 


PA 


28; 


29; 


30. 
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Simplify: W—64a8b? 


Multiply: V—12V—6 


Simplify: V81a°b” 


Subtract: (—8 + 3i) — (4 — 71) 


Simplify; 4xV12x2y + V3x4y — x2V27y 


20. 


papa 


24. 


26. 


— 





Simplify: 





Solve: Vx —-5 + Vx +6=11 


Simplify: V—50 


Simplify: (5 — V6) 


The velocity of the wind determines the amount of power generated by a 
windmill. A typical equation for this relationship is v = 4. 05VP, where 
v is the velocity in miles per hour and P is the power in watts. Find the 
amount of power generated by a 20-mph wind. Round to the nearest whole 


number. 


Find the distance required for a car to reach a velocity of 88 ft/s when the 
acceleration is 16 ft/s?. Use the equation v = V2as, where v is the velocity 
in feet per second, a is the acceleration, and s is the distance in feet. 


A 12-foot ladder is leaning against a building. How far from the building is 
the battom of the ladder when the top of the ladder touches the building 
10 ft above the ground? Round to the nearest hundredth. 
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11. 


13: 


c Chapter Test 


3 


Rl 4 : : 
Write 5 Vx} as an exponential expression. 


Write 3y? as a radical expression. 


Simplify: (2Vx + Vy)? 


Solve: Vx + 12 — Vx =2 





Multiply: V3x(Vx — V25x) 


Simplify: V32x4y7 


Add: (2 + i) + (2 — i) 


10. 


12. 


14. 


Chapter Test 539 





Subtract: W54x7y3 = xV128x4y3 = 2V/ 2x3 


Multiply: (2 + 51)(4 — 27) 


2) = 
- 2/34, 1 


Simplify; —— 


= 2 
rp 12 


Simplify: W836 


Subtract: (5 — 21) — (8 — 47) 


Multiply: (2V3 + 4)(3V3 — 1) 


dhe OVI 


‘SHAD alige SS 
ae 2S 
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15. Add: V18a3 + aV50a 


(2x V/3,, a) 


Gay 


17. Simplify: 


19. Simplify: 





Zot 
2 


4 4\—3/2 
21. Simplify: = 


324° 


3 





23. Simplify: 


2A 


16. 


18. 


20. 


223 


24. 


Multiply: (Va — 3Vb)(2Va + 5Vb) 


Vix 


Simplify: ae 
x— Vy 


Solve: 72x —-2+4=2 


Simplify; V27a4b3c7 


Multiply: (CV SENeY 


a 


25. An object is dropped from a high building. Find the distance the object has 
fallen when its speed reaches 192 ft/s. Use the equation v = V64d, where v 
is the speed of the object in feet per second and d is the distance in feet. 
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G Cumulative Review 




















1. Simplify: 23-3 — 4733 -— 4-5) 2. Evaluate 4a2b — a3 when a = —2 and b = 3. 
Beeounplity —3(4x —1) — 2(1 — x) 4. Solve: 5 — = =4 
pemeoolve:2(4 — 2(3 — 2x)] = 4(1 — x) 63 Solvei6x— 30x +2) > 3 = 3G 4 2) 
fem olive 2 + (4 = 3x|=5 SmeSolves| 202 3h=a9 
9. Find the area of the triangle shown in the 10. Find the value of the determinant: 
figure below. 1 > 3 
Opt 2 
18 cm 20 cm 3 | =2 
kk 25 cm >| 
11. Graph 3x — 2y = —6. State the slope and 12. Graph the solution set of 3x + 2y S 4. 
y-intercept. 
i y 
af 4f 
2 2 
> Theis > 
S422 ol 24” [Se ees 
= -2 
4 -4 
13. Find the equation of the line that passes 14. Solve by using Cramer's Rule: 
through the points (2, 3) and (—1, 2). 2x -—y=4 
= 2 Ove 5 
Poe olnplify: (2-1x2y-*)(2-!y-4)-2 162 Factor: 81447 


542 


We 6 


19: 


2h 


232 


25. 


26. 


24. 


28. 


Jae 


30. 


Chapter 9 / Rational Exponents and Radicals 








R a 

Factor a) 24 = 3% 18. Solve P= 2 ForiC. 
1-23) V2\6 

Simplify: PS] 20. Subtract: V40x3 — xV90x 
uy ; 

Multiply: (V3 — 2)(V3 — 5) 22. Simplify: a 

V6-V2 
str 2i i 

Simplify: ae 24. Solve: V3x-44+5=1 

=i) 


The two triangles are similar triangles. is 
Find the length of side DE. 8m 


18m 12m 





An investment of $2500 is made at an annual simple interest rate of 7.2%. 
How much additional money must be invested at an annual simple interest 
rate of 8.4% so that the total interest earned is $516? 


A sales executive traveled 25 mi by car and then an additional 625 mi by 
plane. The rate of the plane was five times the rate of the car. The total time 
of the trip was 3 h. Find the rate of the plane. 


How long does it take light to travel to Earth from the moon when the moon 
is 232,500 mi from Earth? Light travels 1.86 < 10° mi/s. 


The graph shows the amount invested and the annual + 100 (5000, 400) 
interest earned on the investment. Find the slope of the 3 S 300 
line between the two points shown on the graph. Then & ¢ 200 
; ; =, 400 
write a sentence that states the meaning of the slope. ie 
0 1000 2000 3000 4000 5000 


Investment (in dollars) 


How far would a submarine periscope have to be above the water for the 
lookout to locate a ship 7 mi away? The equation for the distance in miles 


that the lookout can see is d = V1.5h, where h is the height in feet above 
the surface of the water. Round to the nearest tenth of a foot. 
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Chapter 





Objectives 


Section 10.1 


A 
B 


C 


To solve a quadratic equation by factoring 
To write a quadratic equation given its 
solutions 

To solve a quadratic equation by taking 
square roots 


Section 10.2 


A 


To solve a quadratic equation by completing 
the square 


Section 10.3 


A 


To solve a quadratic equation by using the 
quadratic formula 


Section 10.4 


A 
B 
C 


To solve an equation that is quadratic 

in form 

To solve a radical equation that is reducible 
to a quadratic equation 

To solve a fractional equation that is 
reducible to a quadratic equation 


Section 10.5 


A 


To solve application problems 


Section 10.6 


A 


To solve a nonlinear inequality 





Me Need help? For on-line student resources, such as section 
My 3 k late Char . , * 

‘Sy >) quizzes, visit this textbook’s web site at 

FB college.hmco.com/students. 


Quadratic Equations 





A rainstorm like the one shown here directly affects highway 
driving conditions. How quickly a car is able to stop once the 
brakes are applied is determined by many factors, including 
how wet the road is, the type of pavement, and the speed of 
the car. Some factors, such as the tread on a car's tires, can 
be controlled, and good tread can minimize the adverse 
effects of braking on dangerously wet roads. The braking 
distance of a car can be modeled by quadratic equations 
such as the ones in Exercises 5 and 9 on page 573. 


Y 





= pA TER settessenseeesseesseesssensenes Socausmens Geeta t ence EPROP RPOP Py dere «+ seg Ree oe 
Prep Test } 
1. reve 2. Simplify: V—9 








3h = 
3. Simplify: ee Ti 1 4. Evaluate b* — 4ac when a = 2, b = —4, and 
c= 1. 
5. Is 4x? + 28x + 49 a perfect-square trinomial? 6. Factor: 4x? — 4x + 1 
7. Factomox- 14 8. Graph: {x|x < -1} n {x|x < 4} 
See 3) ey de 
4 16 

JeeSOlver (2 ly 15 10. Solve: a 

Ki Ses 






The numeral 0.AAA... is a repeating decimal. Given that A #B and 
V0.AAA... = VB, find the value of A. 
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Objective A 


sgoeese poamoeTan 


| TAKE NOTE 


_ Recall that the steps 

_ involved in solving a 

_ quadratic equation by 
_ factoring are 


1. Write the equation in 
i standard form. 

| 2. Factor. 

_ 3. Use the Principle of 
Zero Products to set 
each factor equal to 0. 
4. Solve each equation. 
5. Check the solutions. 


Hoan NOTE 


When a quadratic 
equation has two 

_ solutions that are the 
same number, the 
solution is called a 
double root of the 
equation. 3 is a double 
TOOLOLG- — 64 — —9) 
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Solving Quadratic Equations 
by Factoring or by Taking 
Square Roots 


To solve a quadratic equation by factoring 


ss NW ie 
» > Sr <> 
=| TUTOR WEB of SSM 


Recall that a quadratic equation is an equation of the form ax? + bx +c = 0, 
where a and b are coefficients, c is a constant, anda # 0. 





Quadratic Boe eae 0 G3, a ae 
equations —x*7+4=0, Eek = 0, 
ae = se — a=6, b=-5, 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. Because the degree of the polynomial ax? + bx + c is 2, 
a quadratic equation is also called a second-degree equation. 


As we discussed earlier, quadratic equations sometimes can be solved by using 
the Principle of Zero Products. This method is reviewed here. 


The Principle of Zero Products 


If aand bare real numbers and ab = 0, thena=Oorb=O. 





The Principle of Zero Products states that if the product of two factors is zero, 
then at least one of the factors must be zero. 


> Solve by factoring: 377 — 2 — 5x 


Bce— 2 — 5x 
yee sree 0) ¢ Write the equation in standard form. 
(Qe Ge) 0 ¢ Factor. 
3x1 = 0 x+2=0 ¢ Use the Principle of Zero Products to write 
two equations. 
3x = 1 X= 2 e Solve each equation. 
i 
ees 


1 : : | 
5 and —2 check as solutions. The solutions are 5 and —2. 


™ Solve by factorme: x? — 67 = —9 


Kin Oxia D 
Oe O01 () ¢ Write the equation in standard form. 
(e333) 10 e Factor. 
Le 3 =") x—3 = 0 © Use the Principle of Zero Products. 
x=3 x= 3 © Solve each equation. 


3 checks as a solution. The solution is 3. 
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SRR O eee meee e ene eneeeeeessensen 


Example 1 


Solve by factoring: 2x(x — 3) =x+4 


Solution 


POOP H Heese Hee HEH HEHE EES EH HEE HEE EEEHEEE ESSE HEEHEESEEHEES EES SE SEES EES EEHSESE ESSE EEESEESEEEESSEOEEOS EES E ESSE ESSE SEO EEeeeeS 


You Try It 1 
Solve"by factorine: 2x2 = 7x— 33 


Your solution 


Adie BOS Yeas vl 
25? — Ox =r 4 


2x? 7x -4=0 
(2x + 1)(x — 4) = 0 


Mee ae i = (— K—4=—0 
ie = =| x= 
af 1 
as 


4 | 
The solutions are — 5 and 4. 


CORO e meee ee ene m eee eeeeeeeeesesene 


TTPO O HTH ee HOHE OHHH TH HOHE HEEH OH EEES EEE EOES FSEEEEEEES EHH ESH ESSE S ESSE EEE SEES ESSE SEES EES EES ESOS EES EOO EEO ESSE OSES EEEeeEeeS 


“Example 2 You Try It 2 
Solve for x by factoring: x? — 4ax — 5a? = 0 Solve for x by factoring: x2 — 3ax — 4a? =0 
Solution Your solution 


This is a literal equation. Solve for x in 


terms of a. 


x? — 4ax — 5a =0 
GO - a)0ee- a) —0 


Cea) R= 5a = 0 


Sas ca 7) 


x =5a 


The solutions are —a and 5a. 


Objective B 


Solutions on p. S30 


WM 
& Y 
As shown below, the solutions of the equation (x — r,)(« — r,) = 0 are r, and r,. 


(ar )Je— fp) =0 


To write a quadratic equation 
given its solutions 








Kee 0 Kim Tae 0) 
x=T, x=1, 
Check: \e 7, (0 — 7) 0 Per r,)(*% = ro) = 0 
apeeer A =i) [0 (ae) i — 15) S20 
Or) alt 0 (peers) Owlei0 
0=0 0=0 


Using the equation (x — r,)(x — r,) = 0 and the fact that r, and r, are solutions of 
this equation, it is possible to write a quadratic equation given its solutions. 


»"» Write a quadratic equation that has solutions 4 and —5. 


(ten) (ie — 1) = 0 
@—A)[x — (—5)] = 0 ¢ Replace r, by 4 and r, by —5. 
(x — 4)(x + 5) =0 © Simplify. 
i? ee ae DO aH4) © Multiply. 
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* Write a quadratic equation with integer coefficients and solutions 3 and = 





(tee) 7) 
2 | 2 1 
(. ae a= 0 e Replace r, by 3 and r, by I 
x? Le air lu = 0 © Multiply. 
6 3 


-0 ¢ Multiply each side of the equation by 
the LCM of the denominators. 


Example 3 ‘You Try It 3 


Write a quadratic equation with integer Write a quadratic equation with integer 

ne - 1 eA ; 1 
coefficients and solutions 5 alc 4s coefficients and solutions 3 and — mr 
Solution Your solution 


peo? =) 
[e-S)e-«-91=0 
BNery-o 
4x —2=0 


if 
Uae + 5x — 2)=2-0 


etx —4—=— (0 
Solution on p. S30 





: Objective C To solve a quadratic equation Vide 6m att 
by taking square roots cea) Or 
TUTOR WEB 
The solution of the quadratic equation x? = 16 is x? = 16 
shown at the right. 4) 16s—=10 
(x — 4)(« + 4) =0 
x«-4=0 x+4=0 
x=4 x=-4 
The solutions can also be found by taking the x? = 16 
square root of each side of the equation and Wa ee WANG 
writing the positive and negative square roots x= +4 
of the number. The notation x = +4 means 


The solutions are 4 and —4. 
x=4orx = —4. 


™> Solve by taking square roots: 3x? = 54 


3x? = 54 
x? = 18 © Solve for x’. 
Vx2 = V18 e Take the square root of each side of the 
ae a equation. 
pee 18 > Sanpliy, 
The solutions are 3V2 and —3V2. e 3\/2 and —3\V/2 check as solutions. 


548 Chapter 10 / Quadratic Equations 


Solving a quadratic equation by taking the square root of each side of the equa- 
tion can lead to solutions that are complex numbers. 


=» Solve by taking square roots: 2x? + 18 = 0 


2x7 = 18 = 0 
2x? = -18 ° Solve for x2. 
x2 = —-9 
Vx? = V—9 ¢ Take the square root of each side of the equation. 
x= +V=9 © Simplify. 
C= 231 
Check: 2 oe) 2 18 0 








2(30)2 = [3850 PES ee awit |) 


2(= 9) PAs eO 2(=9) Se 1890 
S131 Sae0 Aisha Aled || 0) 
0=0 0=0 


The solutions are 3i and —3i. 


An equation containing the square of a binomial can be solved by taking 
square roots. 


=» Solve by taking square roots: (x + 2)? — 24 =0 
(x +22 -24=0 





(eee) a © Solve for (x + 2)2. 

Vix + 2? = V24 ¢ Take the square root of each 
De On side of the equation. Then simplify. 
x+2=+2V6 

x+2=2V6 x+2=-2V6 © Solve for x. 
x=-2+2V6 x =-2-2V6 


The solutions are —2 + 2V6 and —2 — 2V6. 


Example 4 Ke Try It 4 

Solve by taking square roots: Solve by taking square roots: 
32) 12 =0 2a Dye 4 () 

Solution Your solution 


SEM ieee tl oie) 
Bee eer 





(x =2)2 = —4 
V(x —- 27% =V=—4 
x-2=+V-4 
46 — IS SEO 
C2 = C= 2S —21 
c= 2 +21 x=2-—21 
Che solutions are 2 +. 2i and 2 — 23. 


Solution on p. S30 
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10.1 Exercises 






Objective A 






1. Explain why the restriction a # 0 is necessary in the definition of a quad- 
ratic equation. 


@ 2. What does the Principle of Zero Products state? How is it used to solve a 


quadratic equation? 


Write the quadratic equation in standard form with the coefficient of x? posi- 
tive. Give the values of a, b, and c. 


3. 2x7-—4x=5 4. x? =3x 41 By ye a ae EG 6. 3x7= 


Solve by factoring. 


7. x2-—4x =0 8. y2 + 6y =0 9. 2-25 =0 

102 — 81=0 Lis? — 5 = 6:= 0 2 4 5 — 0 
13. y2-6y+9=0 14. x2 + 10x +25=0 15. 972 — 182 =0 
16. 4,7 + 20y =0 Wie or — 10 18. p?+5p =6 
(Ome 10 = 7v 20512 — 16 = 152 21, 2x7 — 9x — 18 = 0 
22. 3y27 —4y —-4=0 23. 42 —97z4%2=0 24. 2s7-9s+9=0 
25. 3w2+ lilw=4 26. 27r2-+7r=6 27. Ox*t= 2344-18 
nomeOk = 1X = 2 29. 4— 15u — 4u?=0 30. 3 = 2y = Sy" =0 
Sl) 18= x= 6) 325.1 3 24 Eales 6) 33. 4s(s + 3)=s5-6 


550 


34. 


36. 


Chapter 10 / Quadratic Equations 


87 (lee) leo 


Gv = 2Qv + 1) — 314 Lip S10 


Solve for x by factoring. 


38. 


41. 


44. 


47. 


50. 


x2 + 14ax + 48a2 = 0 


x? — 6cx — 7c? = 0 


33> = 40K ee 


3x2 — 8ax — 3a? =0 


6x2 — llcex + 3c? =0 


Write a quadratic equation that has integer coefficients and has as 
solutions the given pair of numbers. 


SBE 


56. 


ah 


62. 


2) Braval 5 


—1 and —3 


3 and —3 


2 and 2 


39: 


42. 


45. 


48. 


51. 


35. u2 — 2u +4 = (Qu — 3)\u + 2) 


37. 3x — 4)@ +4) =x? — 3x = 28 


Ge = eke ae (Wee == (0. 


x? — ax — 20a? = 


3x2 — 14ax + 8a = 0 


3x2 — 4bx — 4b2=0 


6x2 + llax + 4a2 =0 


54. 3 and 1 

57s Orang i= | 
60. 5 and —5 
63. Oand5 


40. 


43. 


46. 


49. 


Dz. 


Sieh 


58. 


61. 


64. 


x? + Oxy — 30y aU 


2x2 + 3bx + b? =0 


3x? — lixy oye 


4x2 4 8xy 13) a 


{2x2 — Sxy — yee 


—2 and —4 


—2and5 


4 and 4 


0 and —2 
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65. Oand 3 66. Oand —1 GiaeS and 5 


68. 2 and 69. -; eval 2 70. -> and 5 





als —2 and =? TPs: ~$ and =| 73. —$ and 2 
74. 5 and5 75. ; and 76. : and ; 

Wile : and “5 78. ; and -; 79. =; and -> 
80. —? and ~+ 81. = and -~ 82. “and -+ 
Objective C 

Solve by taking square roots. 

Bone 49 84. x2 = 64 85. 72 = —4 
864-7 =-— 16 872 5° 4=(0 88. 77 —- 36=0 
89. 4x7 -— 81=0 90. 9x7 16 = 0 91. y?+49=0 
9232-7 + 16=0 93. v?—48=0 94. s*?— 32=0 
womer- — (5 = 0 9652 — 54 = 0) OT aloo 0 


552 Chapter 10 / Quadratic Equations 


98. 2+27=0 99. @=d)4= 36 100. (x + 2)? = 25 
1015 3(y4 3)? =27 102. 4(s — 2)? = 36 103. 5@ + 2)? ies 

(eed 2a 

- Wy-—3)= = . (rt oa 

104, 2(y = 3) 18 105 [ ;| 4 106 [: | 9 


107. (x + 5)?-6=0 108. @—1)?—15=0 

109. (~ — 3)?+45=0 110. @ +5) + 32=0 
2 1\2 

111 [u- 3] =a) 112 (:-3| = 24) = 


APPLYING THE CONCEPTS 
Write a quadratic equation that has as solutions the given pair of numbers. 


113. V2 and —-V2 114. 2i and —2i 115. 3V2and -3V2 116. 2iV3 and —2iV3 


Solve for x. 
117. 4a2x? = 36b2,a>0,b>0 118. &Z+a)’-—-4=0 119. @Qx— 1)*= Cae 


x ,120. Show that the solutions of the equation ax? + bx = 0,a>0,b>0, 


b 
are 0 and oe 


¥ ,121. Show that the solutions of the equation ax? +c =0,a>0,c>0, 


Vca. Vea . 
are.—i and — ihe 
ad a 
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10.2 





Objective A 


Point of Interest 


Early attempts to solve 

quadratic equations were 
primarily geometric. The 
Persian mathematician 
al-Khowarizmi (c. A.D. 800) 
essentially completed a square 
of x? + 12x as follows. 
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Solving Quadratic Equations by 
Completing the Square 


To solve a quadratic equation vip 


le WW hy 
= TUTOR WEB SSM 






by completing the square & 

Recall that a perfect- : Perfect-Square Trinomial _ Square of a Binomial 
square trinomial is us i Seas co ieee asa (x + 4p 

the square of a a : De 10x + 55 eo | 5p 
binomial. ey 


2 


F fect-square trinomi 1 
or each perfect-square trinomial, the ee 5°38] ae 


square of 5 of the coefficient of x equals 


| 2 
the constant term. x* — 10x + 25, Fc-10) = 25) 
1 ce 2 : 1 2 ; 
5 coefficient of x} = constant term x2 + 2ax + a’, 5 WG = or 


This relationship can be used to write the constant term for a perfect-square tri- 
nomial. Adding to a binomial the constant term that makes it a perfect-square 
trinomial is called completing the square. 


=» Complete the square on x? + 12x. Write the resulting perfect-square trino- 
mial as the square of a binomial. 


1 2 
5c2)| =a) aod ¢ fiad the constant term. 


Gian Ween e sho ¢ Complete the square on x? + 12x by adding the 
constant term. 


gop ate lea Hs 6X0) also) ake) e Write the resulting perfect-square trinomial as the 
square of a binomial. 


=> Complete the square on z? — 3z. Write the resulting perfect-square trinomial 
as the square of a binomial. 


(3) Bia 2 Find th tant t 
alan aa Sk lb Sse e Find the constant term. 
2 2 4 
2 9 . 
Z 37s 4 ¢ Complete the square on z* — 3z by adding the 
constant term. 
2 9 Sai : : meer 
Z° = 37 A aaa > ¢ Write the resulting perfect-square trinomial as 


the square of a binomial. 


Any quadratic equation can be solved by completing the square. Add to each side 
of the equation the term that completes the square. Rewrite the equation in the 
form (x + a)? = b. Then take the square root of each side of the equation. 
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TAKE NOTE 


The exact solutions 

of the equation 

x? — 6x — 15 = O are 

3 + 2V6 and 3 - 2V6. 
7.899 and —1.899 are 
approximate solutions of 
the equation. 


=» Solve by completing the square: x* — 6x — 15 = 0 
a? = Of ate 0 
Kt Otel 


x?-—6x+9=15+9 


¢ Add 15 to each side of the equation. 


¢ Complete the square. Add 
2 


+(-6) = (—3)* = 9 to each side of 





the equation. 





(x — 3)? = 24 ¢ Factor the perfect-square trinomial. 
V(x = 3) = V24 ¢ Take the square root of each side of the 
equation. 
x-3=+V24 © Solve for x. 
Ey) G 
x=3=2V6 x-3=-2V6 
r= 3 4 2V6 ie 6 
Check: Kia ON gl Ot 





CF 2 By SG = 2B =e 
OE 12\/6 op 04 26 al 
0=0 


x2? - 6x -15=0 
NAC SVG) — Hee | 

9 = (2/6. 24) 318.4 12. 6a LO 
0=0 





The solutions are 3 + 2V6 and 3 — 2V6. 


In the example above, the solutions of the equation x* — 6x —15=0 are 
3 + 2V6 and 3 — 26. These are the exact solutions. However, in some situa- 
tions it may be preferable to have decimal approximations of the solutions to a 
quadratic equation. Approximate solutions can be found by using a calculator 
and then rounding to the desired degree of accuracy. 


34+2V6=7.899 and 3 —2V6 = —1.899 


To the nearest thousandth, the solutions of the equation x? — 6x — 15 = 0 are 
7.899 and —1.899. 


a 


" Solve 2x? — x — 2 = 0 by completing the square. Find the exact solutions and 
approximate the solutions to the nearest thousandth. 


In order for us to complete the square on an expression, the coefficient of the 
squared term must be 1. After adding the opposite of the constant term to 


each side of the equation, multiply each side of the equation by 7 


2 () 


Ox? =i 2 © Add 2 to each side of the equation. 


II 


1 
3 (ax? =x) -2 © Multiply each side of the equation by > 


is 
2 
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sles 
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| TAKE NOTE 

_ This example illustrates 
all the steps required to 
_ solve a quadratic 

_ equation by completing 
_ the square. 


1. Write the equation 
in the form 
ax” + bx = —c. 

2. Multiply both sides of 
| the equation by *. 
3. Complete the square 
on x? + x, Add the 


number that com- 
pletes the square to 
both sides of the 

equation. 

_ 4. Factor the perfect- 
square trinomial. 

_ 5. Take the square root 

of each side of the 
equation. 

6. Solve the resulting 
equation for x. 
' 7. Check the solutions. 


Point of Interest 


Mathematicians have studied 
quadratic equations for 
centuries. Many of the initial 
equations were a result of 
trying to solve a geometry 
problem. One of the most 
famous, which dates from 
around 500 B.C., is “Squaring 
the circle.” The question was 
“Is it possible to construct a 
square whose area is that of a 
given circle?” For these early 
mathematicians, to construct 
meant to draw with only a 
straightedge and a compass. It 
was approximately 2300 years 
later that mathematicians were 
able to prove that such a 
construction is impossible. 
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1 
x2 — 5% = || © The coefficient of x2 is now 1. 
: 1 ¢ Complete the square. Add 
Km a oe ete Wien 2 2 
2 16 16 s(-3] =(-7| 2 sa gach sille of 
rN 4 16 





the equation. 


e Factor the perfect-square trinomial. 


¢ Take the square root of each side of the equation. 








4} \Vi16 
M17 Solve f 
x--— = +— e 
4 ii olve for x. 
it Wey 1 V17 
x-- = _—= 
4 A rot 4 
eh wel ae! ev 
AA red may 
The exact solutions are aes and ee we 
4 4 
1+%V —V17 
Aa 1.281 | i = —0.781 


To the nearest thousandth, the solutions are 1.281 and —0.781. 


Solve by completing the’square: 47-93%. 5, — 0 


x2 —3x+5=0 























SG Ne 5 ¢ Add the opposite of the constant 
term to each side of the equation. 
9 y) 

x? — 3x + ri —5 + a ¢ Add to each side of the equation 
the term that completes the square 
on x2 — 3x. 

Bile ah 
56 = e Factor the perfect-square 
2 4 aie 
trinomial. 
34 11 
aS |S ad e Take the square root of each side 
; of the equation. 
yn oe 
Oe ees es © Simplify. 
ay il 3 iV11 vee 
Ss = 54 = SS olve tor x. 
OO am 2 2 
2a iV11 Bae 1 
C= ht patie 
2 2 Z 2 

oe and <a check as solutions. 

2) 2 2 2 

The solutions are 5 4: ai and 2 = ee 
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F 
; ode e ence ncncc ccc eeesncs cesses esoncsseeceeesceeseceseeseceseesccecccscsecce 


Example 1 
Solve by completing the square: 
“Weed eeeon cia ik == {li 


Solution 
4x? — 8x + 1=0 
Ax? — 8x = =1 
| 1 
—(4x2 — 8x) = —( -1) © The coefficient of 
4 4 5 
1 x? must be 1. 
Pes rt 
x Be r 
1 
ee ees is =) a ¢ Complete the 
square. 
3 
x-1P== 
(x ) 4 
-— 3 
ViG@= TP ie 
ir=5 1) ‘lg 
Ve 
c= | == 
2 
V3 one V3 
x -— = — —_ = ——— 
Z 2 
meee V3 
C= ——— = = 
a : 2 
_24+V3 _2-Vv3 
2 D. 
The solutions are 2 == end : = = 








Be. 2 


Solve by completing the square: 
x7+4x+5=0 


Solution 


x And = =5: + 4 © Complete the square. 





erly? awl 
V(x + 2) = V-1 
a 2S Ft 
x+2=i Ko 2 
6 iT ae ar a cr A a A 


The solutions are —2 + i and —2 —i. 


Re Try It 1 
Solve by completing the square: 


4x2 — 4x —-1=0 


Your solution 


DP Reem meee eee r meses esse ees sees ee sHH HEE SEE ESE EEESEESEEHEES ESS EES SED SES ESS EES EOE 


Solve by completing the square: 


2x27 ++x—5=0 


Your solution 


Solutions on p. S30 
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10.2 Exercises 






Objective A 






1. What is the meaning of the phrase complete the square? 


a 2. Write out the steps for solving a quadratic equation by completing the 
square. 


Solve by completing the square. 


Sa 4 — 5 = 0 A OV p= 0 Sat ee oy =.) 
6. w* — 2w —- 24=0 Lee Of + 9D = 8. Pec so 
Oe 47 ——7 = 0 ls S85 @s = Ih a@ ile see = Tepe ay aa) 
12, y2+ 8y +13 =0 ky 2 psa A GP = aie Rey 
eo oS — 24 = 0 16. v*?+ Wv—- 44=0 172 eee os — 36. (0) 
omy — 9y + 20 = 0 Lope 3p or La 0) 20, 14% — sr = 2—=0 
mie f — | = 0 22 ett oe 2) 23. y* — 6y =4 

24. w*+ 4w =2 Phe er —etey ols) 26. 2=42-3 

27. v2 = 4y — 13 28. x2 =2x -17 29. p2+ 6p = -13 
30. x* + 4x = —20 31, 7 2y 17 32. x7 + AO 7 


558 Chapter 10 / Quadratic Equations 


53. 24=2 +4 34. 72 = 3r = 1 35, SAS 1B 

36. 6v? —- 7v = 3 37. 4x7 = 444 5 =.0 38. 4f —4t+17=0 
39.) 9x2 1672 ee 0 40. 9y?—- 12y + 13=0 41. 257 =4s) 

42. 3u?7=6u +1 43, 27°=3-=7 44, 2x? =12-5x 
45) y= 2 = (= 3G FZ) 46. 8s = 11 =G—4)G— 2) 

47; 6 = 2.= GF 3) = 1) 48. 22 +9 = 27 + 3)@ + 2) 

49. (« —~4@ + 1l)=x—3 50. (y— 3)? = 2y + 10 


Solve by completing the square. Approximate the solutions to the nearest thousandth. 


51. 274+2z7z=4 52 — Ai 53. 2x2 = 4x -—1 


54. 3y?=5y-1 55. 427-27 = 1 56. 4? —- 8w =3 


APPLYING THE CONCEPTS 
Solve for x by completing the square. 


57. x* -—ax —2a2=0 58. x2 + 3ax — 4a2 = 0 59. x2 + 3ax — 10a2=0 


A 


60. When a baseball is hit, the height h, in feet, of the ball above the 
ground ¢ seconds after it is hit can be approximated by the equation 


h = —16t? + 70t + 4. The distance s, in feet, that the ball is from home 
plate ¢ seconds after it is hit can be approximated by the equation 
s = 44.5. 


a. Determine when the ball will hit the ground. Round to the nearest 
hundredth. (Hint: The ball hits the ground when h = 0.) 

b. Determine whether the ball will clear a 6-foot fence 325 ft from home 
plate. 
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Solving Quadratic Equations by 
Using the Quadratic Formula 


te 


a woe we 
A general formula known as the quadratic formula can be derived by applying 
the method of completing the square to the standard form of a quadratic equa- 
tion. This formula can be used to solve any quadratic equation. The equation 
ax? + bx + c = Ois solved by completing the square as follows. 





Objective A To solve a quadratic equation 


by using the quadratic formula 


LURK: 
om 





+c=0 
DEANS A 5)) 


TEE a iN 
Add the opposite of the constant term ax? + bx +c + (- 


to each side of the equation. 




















Ce a 
1 
Multiply each side of the equation by (Ais oe) —=—=(0--C) 
the reciprocal of a, the coefficient of x?. a 
etx = us 
a a 
b b? (oe 
peeawe oe square by adding Paes 3-57 c 
(4 2 te OMmCAChIeesiCe Ole ric = S sa 
era 4a’ 
equation. 
b (ee alos c 4a 
: : ; ee tegen oe | Ge 
Simplify the right side of the equation oe i Oa — oe F 2) 
Pelee DO AG 
a Aa? 4a? Ag? 
2 b2 = Al 
x? + A iP z ae es 
a 4a 4a- 
: b\? b* — 4ac 
Factor the perfect-square trinomial on ee ea ES 
the left side of the equation. g @ 
; (i TRE b? — 4ac 
Take the square root of each side of the rece oa Ag 
tion. 
erty n b ae — 4ac 
SO ne geet UE 
2a 2a 
Tare b Vb? — 4ac eS Vb? — 4ac 
Solve LOL vs seta: es aa ve an oe 
eet) Vb — 4ac ae b Vb? — 4ac 
e 2a 2a 2a 2a 


—b + Vb? = 4ac —b — Vb? — 4ac 


2a 2a 












ratic equations 


ound 500 B.C., it was The Quadratic Formula 
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not until the 18th century that 
the formula was written as it is 
today. Of further note, the word 
guadratic has the same Latin 
root as does the word square. 


The solutions of ax? + bx + c=0,a#0, are 


—b— Vb? — 4ac 


—b+ Vb? — 4ac 
2a 2a 


and 
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The quadratic formula is frequently written as x = 


—b + Vb? — 4ac 
2a ; 





=> Solve by using the quadratic formula: 2x2 + 5« + 3 =0 














—b = \/b-— 4ae 
eee TEE 
2a 
-O2V6Y S10 @ 

TAKE NOTE 2(2) 
The solutions of this =5 2 V5 = DA 
quadratic equation are = 
rational numbers. When 4 
this happens, the Se A =5= I 
equation could have = = 
been solved by factoring 4 4 
and using the Principle =5 1.4 =A ee | 
of Zero Products. This n= === = =| i 
may be easier than bs a. 4 
applying the quadratic 
formula. 


ns 3 
The solutions are —1 and — 5 


hn 





e The equation 2x’ + 5x + 3 = Oisin 
standard form. a= 2,b = 5, c=3 
Replace a, b, and cin the quadratic 
formula with these values. 


~» Solve 3x? = 4x + 6 by using the quadratic formula. Find the exact solutions 
and approximate the solutions to the nearest thousandth. 


























3x2 = 4x + 6 e Write the equation in standard form. 
eyes yin Bays = ip Subtract 4x and 6 from each side of the 
: equation. a = 3, b= —4,c = —6 
ne eI anes Replace a, b, and c in the quadratic 
2a formula with these values. 
== VO S46 
2(3) 
2 4 Vlor= 72) 
6 
a 88s 4220) 
6 6 
eZ 25 V22) 9 2 2? 
PAS 8) 3 
Check: 
3x2 = 4x + 6 3x2 = 4x +6 
2+ V22¥ 2+V22 2-Vv22/ —V22 
3 SSS ON ee | le) 2 4 120 
3 eer 3 3 
s(° +4V22 + 22\| 8 4V22 18 i(° —4V22+22\ | 8 4225S 
9 3 3 3 9 S 3 = 
3(26 + 4V22)\ | 26 | 4v22 3(26 = 4V 22) | 26 4Vv22 
2) 3 3 9 ) 5 3 
26+4V22 26+ 4V22 26—4V22  26—4V22 
3 3 3 a 3 
a 2+V22 2 -V22 
[he solutions are hae and ————_., 
+ N/ eA 
l= = 2.230 7S = —0.897 





To the nearest thousandth, the solutions are 2.230 and —0.897. 
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= Solve by using the quadratic formula: 4x2 = 8x — 13 




















Ae == eye =) 
AW ieee ahs) 110) e Write the equation in standard form. 
—b + Vb? — 4ac : 
= Da e Use the quadratic formula. 
_ —(—8)  V(—-8? — 4-4- 13 © a=4,b=-8,c=13 
7 2-4 
8+ V64—208 8+ V—144 
az 8 ea 8 
| ASIA 7 Pas Se 
oa : = ee 


: a Be 
The solutions are 1 + stand wl = at. 


Of the three preceding examples, the first two had real number solutions; the last 
one had complex number solutions. 


In the quadratic formula, the quantity b? — 4ac is called the discriminant. When 
a, b, and c are real numbers, the discriminant determines whether a quadratic 
equation will have a double root, two real number solutions that are not equal, 
or two complex number solutions. 


THE EFFECT OF THE DISCRIMINANT ON THE SOLUTIONS OF A 
QUADRATIC EQUATION 

1. If b* — 4ac = 0, the equation has one real number solution, a double root. 
2. If b? — 4ac > 0, the equation has two unequal real number solutions. 


3. If b? — 4ac < 0, the equation has two complex number solutions. 


=» Use the discriminant to determine whether x? — 4x — 5 = 0 has one real num- 
ber solution, two real number solutions, or two complex number solutions. 


b2 — 4ac e Evaluate the discriminant. 
(—4)2 — 4(1)(—5) = 16 + 20 = 36 a=1,b=—-4,c=—-5 
36 > @ 


Because b? — 4ac > 0, the equation has two real number solutions. 


POPC OHS HEHEHE HEHEHE EEEE ESHEETS EE SESES EH HES ESSE SEH ES TOOT SESESES ESSE HESESESES EES FESSHSESES ESSE SESE S SEES ES ESOSE STO EEE SEE SSEESES SES ESESETTES EES HEHEHE ESSE SESE ED 


Example 1. Solve by using the quadratic You Try It 1 Solve by using the quadratic 
formula: 24° ix 5.0 iiGpisereleenes Vee se INO 0) 
Solution 2 oO Your solution 
po 
=) ae Wie = ite 
1S ee 
2a 








SI VSS) 


2a 


1+V1—40 1+V-39 


Solution on p. S31 
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Bp vcccccvececseccsdovesinnssosicessiisiiecssdecceppsivensscacecestietesicaccceccectest Me ccdacsisese geass slvscictesseceen clcceincec cistiacae esse necwisctlen cece seat atm —a—as 
/ Example 2 “You Try It 2 

Solve by using the quadratic formula: Solve by using the quadratic formula: 

2k" = (4 = 2) — 3) 4x2 = 4x — 1 

Solution Your solution 


252 = (x = 2)Ge=3) 
Oey ee 0 
x oy O10 
a=1,b=5,¢ = =6 
_ —b + Vb? — 4ac 
. 2a 
_ -5 + V5? — 4(1)(-6) 
De || 
—5+V25+24 -5+V49 





Xx 








The solutions are 1 and —6. 


Bo sidivs siej'a s'vlaaglie ona oap's ca dancn Saban Gleb ater tpeemanias du bese tecmeec cee om WCE Sic < coos ease ek eo 
“Example 3 Ky Try It3 
Use the discriminant to determine whether Use the discriminant to determine whether 
4x* —2x + 5 = 0 has one real number solution, 3x2 — x — 1 = 0 has one real number solution, 
two real number solutions, or two complex two real number solutions, or two complex 
number solutions. number solutions. 
Solution Your solution 


= Ao 5 


2 — dac = (—2)? — 4(4)(5) 
4 — 80 
= —76 “ 


—16.= 0 


Because the discriminant is less than zero, the 
equation has two complex number solutions. 


Solutions on p. S31 
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10.3 Exercises 






Objective A 


ay 1. Write the quadratic formula. What does each variable in the formula 
represent? 


2. Write the expression that appears under the radical symbol in the 
quadratic formula. What is this quantity called? What can it be used to 
determine? 


Solve by using the quadratic formula. 


Ser 3x — 10 = 0 4. 27-—47z-8=0 Sy Way = So = 0) 
Guz — 32 —- 40 = 0 7. w* = 8w + 72 Sl = 35 

a = 24 — Sy LOS Bo LTS 2y 2h oy = 0 
meeap- — ip + 1=0 P35oS OSs 3 14, 127=5t+2 

15. x7 = 14x -4 16. v* = 12v — 24 Tie 274-22 — 0 
18. 6w? = 9w - 1 OY 22 ep Det BS) 20. p?-—4p+5=0 
Clim — 2y +5 = 0 22 Oke lS ar ) 235 9s? — 45m. 135=.0 
Zam of + 10 = 0 oe ee We) 26. va sv +370 
Been Ox. + 5 = 0 25 eye le) 29. 4t?-6t+9=0 
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Solve by using the quadratic formula. Approximate the solutions to the 
nearest thousandth. 


302 3* = 64 = 6 = 0 31s popes =) 


33. w2+ 4w = 1 34. 37 =7t+ 1 


Use the discriminant to determine whether the quadratic equation has 
one real number solution, two real number solutions, or two complex 
number solutions. 


36.) 227 37. 3y2 > y ae = 0 


39. 4x? + 20% 7 25 = 0 40. 2v°7-3v-1=0 


APPLYING THE CONCEPTS 


9,42. Name the three methods of solving a quadratic equation that have been 
discussed. What are the advantages and disadvantages of each? 


For what values of p does the quadratic equation have two real number solu- 
tions that are not equal? Write the answer in set-builder notation. 


AS. x — 6x 4p — 0 44. x7+ 10x +p=0 


For what values of p does the quadratic equation have two complex number 
solutions? Write the answer in set-builder notation. 


45-0 = 26 ip = 0 46. x7 +4x+p=0 
47. Find all values of x that satisfy the equation x* + ix + 2 = 0. 


48. Show that the equation x? + bx — 1 = 0 always has real number solutions 
regardless of the value of b. 


a 


49. Can the quadratic formula be used to solve any quadratic equation? If so, 
explain why. If not, give an example of a quadratic equation that cannot 
be solved by using the quadratic formula. 


One of the steps in the derivation of the quadratic formula is 


b O46 b2 — 
ct Sto re ee cartels explain the occurrence 
2a 2a a z 


of the + sign. (Hint: Recall that Vx? = |x|.) 


32: 


35. 


38. 


41. 


r-—2r=4 
2y2 = yas 
Ox? = 12% 42 enO 
3? => 317 een) 
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Objective A 


10.4 
cx 


gp sermnreseneserroreenstscca meen 


|' TAKE NOTE 
When each side of an 
equation is squared, the 
resulting equation may 
have a solution that is 
not a solution of the 
original equation. 
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Solving Equations That Are 
Reducible to Quadratic Equations 





VIDEO GO hh 
. a eh &-DVD-— >) 2 
To solve an equation that is quadratic in form ay &— ad 


Certain equations that are not quadratic can be expressed in quadratic form 
by making suitable substitutions. An equation is quadratic in form if it can be 
written as au? + bu +c = 0. 


Theequation x* — 4x* — 5 = 0 is quadratic in form. 
Dee AK am 5 == () 
Ce = 6 10e) 0) 
uw —4u4—=5=0 e Let x? =u. 
The equation, — y’* — 6 = 0 is quadratic in form. 
y—=y32—6=0 


(yi22 os (y!2) -6 =0 
nea) ° Let y'’? =u. 


Here is the key to recognizing equations that are quadratic in form: When the 
: 5 3 5 ss on. dl 
equation is written in standard form, the exponent on one variable term is = the 


exponent on the other variable term. 


=> Solve: z + 7z!2 — 18 =0 









ZA hE 18 0 ¢ The equation is quadratic in form. 
(922272) = 18 = 0 
ie se Me? = is) =) © Let z’? =u. 
(Cited (11a) os () © Solve by factoring. 
a () Umea) 
u=2 u= —9 
Ales ili a) e Replace u by z'2, 
Vz=2 Veo 
(V2)? = 2? (Vz)? = (9) e Solve for z. 
zZ=4 Z= 8 
Check: z+ 7z'2-—18=0 z+ 7z2—18 =0 
4+ 7(4)2—18 | 0 BLP 7(81)2 = 18 


Aver] ee Dia 18 SU 9 — 8 
4+ 14-18 BIS Os 7a ko 
0=0 126 #0 


4 checks as a solution, but 81 does not check as a solution. 
The solution is 4. 
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‘Example 1 Solve: x* + x2 — 12 = 0 ee Try It 1 Solve: x = 5x!2 +6 = 0 


Solution x4+x2-—12=0 Your solution 
(x?)? + (x2) = 12 =0 
uz+u—-—12=0 
Ci 3) (14) —0 


Ort) (0) 
a) i) = =A! 


Replace u by x?. 


= 
hm 
| 
Ww 
bet 
i) 
| 
| 
| & 


The solutions are V3, —\ ak 


21, and —21. 


Solution on p. S31 


Bo To solve a radical equation that is 
reducible to a quadratic equation 





Sm 
t& 1} 
TUTOR WEB SSM 


Certain equations that contain radicals can be expressed as quadratic equations. 





* Solve: Vx +2+4+4=x 


Vx+24+4 









=x 
Vx+2=x-—4 © Solve for the radical expression. 
(Vx + 2)? = (x — 4) © Square each side of the equation. 
LL ke 10 16 © Simplify. 
0 =x*— 9x + 14 © Write the equation in standard form. 
0 = @ — 7) — 2) © Solve for x. 
ey, 0] C2 = 
x=7 x=2 
aN ae Se = 
TAKE NOTE Check: Vx+2+4=x Vx+2+4=x 
You should always check NOM oe. ay | V2 2A 2 
your solutions by substi- AO WA A 
tuting the proposed 
solutions back into the 3 4 2+ 4 
original equation. Tae aig) 


7 checks as a solution, but 2 does not check as a solution. 
The solution is 7. 
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NN ee occ cons. occ sccnsuseeceeceacsagescassedores a re... nnn 
Example 2 “You Try It 2 
SOEs. 7y 3 + 3.=2y Solve: V2x +1+x=7 
Solution Your solution 
Vey 3 130 ="2y 
Viy=3 = ly > 3 
a>) = @y — 3) 
Veen s —- 4y? — 12y + 9 
O = 4y? — 19y + 12 
0 = (4y — 3) — 4) 
oe UV - 4 = 0 
4y = 3 y=4 
a 
Lan 
4 checks as a solution. 
: does not check as a solution. 
The solution is 4. 
nan soc cnnse Sa enece qncudeediaeusenss sibstinvanecases Fe ee aot Ue che we he Meiscea.cn cStbewnaass oO 
Example 3 i‘ “You Try It 3 r. 
Solve: V2y +1- Vy =1 Solve: V2x — 14+ Vx =2 
Solution a Your solution 
V2y+1-Vy=1 
Solve for one of the radical expressions. 
V2ay+1=Vyt+1 


(V2y + 1)? = (Vy + 1) 
ytl=y+2Vy+1 
y = 2Vy 
Square each side of the equation. 


y2 = (2Vy) 


ety 

oy — 0 

Peet) = 0 
y=0 y—-4=0 
y=4 


0 and 4 check as solutions. 


The solutions are 0 and 4. 


Solutions on p. S31 
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To solve a fractional equation that 
is reducible to a quadratic equation 





After each side of a fractional equation has been multiplied by the LCM of the 
denominators, the resulting equation may be a quadratic equation. 











ae 
SOE 5 
1 1 3 
+ — 
Pe Ties ee 
1 1 3) : d : 
OF (ae) ae St ae dl) e Multiply each side of the equation 
7 fro 2 


by th i : 
Dr) Ror ee y the LCM of the denominators 


Di Dee er (ae) 
Aye 2 pat esr 





) Sr? Sp = 2 e Write the equation in standard form. 
Gir EAN? = 10) e Solve for rby factoring. 
3r +2=0 r= b= 0 
3r = -2 r= 1 
oe 
ia 


5 


2 : 2 
aes and 1 check as solutions. The solutions are mG amenle 


COOPER OHO HOT H HOHE ETOH ESOS ESEHEES EE SSEE SEES HES EESESEHEESSESEE ETOH SEE EEE SES FOSHHESESEESOS SES OSHEES SEO HES SES ESHEETS ESE EES EEE ESEHESSES SESH ESE OHEESEOSEOOESES 








Example 4 You Try It 4 
Solve a et Solve: 3y + aS —8 

58 — 8} : Shy = 2 
Solution Your solution 

= Pie oe Il 
= 3 z2 
9 

et) a es) ee) 

eas 


Odes — Sy = 8} 
OS a2 
0=(@x +3) —4) 


De oe—a() x—4=0 
Pie. = = 5} x=4 i 
A Le eet) 
Pe aor 


3 e 
5 and 4 check as solutions. 


nn . 3 
The solutions are —> and 4. 


Solution on p. S31 
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10.4 Exercises 


Objective A 
Solve. 


tee 1 3x* + 36 = 0 


ae 2227 = 0 


(ae — 12 = 0 


LO y-— 36 = 0 


sae 2p? —24—0 


16. 22/3 = zis —6=0 


Objective B 
Solve. 


19. Vxt1+x=5 


BP 2y—1=y —2 


25. V4y+1l-—-y=1 


Pa, fe Se fe Ol ea (i) 


Do nop 2) 


8. w— 2wi? —-15=0 


Dee ro Ode) 


14. v + 3vl2-4=0 


17. 9w4* — 13w2+4=0 


20. Vx-4+x=6 


23. NB Wee = al 


26. V 35. 44 42s =912 
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3. Z' = 627 +8 =0 


62 2 el 


9. z4+ 377-4=0 


eae) 


15. y23 — 9yIB +8 =0 


183 4y4 ye = 30 0 


21. x =Vx+6 


24. Vs Bil = seal 


27. V10x+5—2x =1 


570 


28. 


31. 


34. 





Objective C 


Chapter 10 / Quadratic Equations 


Vt+8=2t+ 1 








Vx 64+ Vx 4+2=2 























Solve. 
1 
7, a= ? 
xe = @ 
10 
yp = il vy + 2 
+ 
Ase 
ip ae 2 
3 2 
46. -—- a 
S BS = il 
t 2 
49. + = 4 
t—-2 t-1 


APPLYING THE CONCEPTS 


29: 


32) 


35: 


38. 


41. 


44. 


47. 


50. 


52. Solve: (Vx — 2)2 —5Vx + 14 =0. 


Vp+1l=1-—p 


Vy+1=Vy 45 





Wie ey eae = 

















4¢+1 3t-1 
+ =% 
t+4  t+1 








a 


(Hint: Let u = Vx Py) 


53. Solve: (Vx + 3)2 — 4Vx -— 17 = 0. (Hint: Let u = Vx + 3.) 


square of the number. Find the number. 


30. 


33. 


36. 


39; 


42. 


45. 


48. 


ou is 


x= 1 SNS 


V2x-1=1-Vx=1 





V5 —-2x=V2-x+4+1 























54. The fourth power of a number is twenty-five less than ten times the 
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Applications of 
Quadratic Equations — 


BBs 6m ot | 
To solve application problems §&~ | “cD > a 


Seascald TUTOR WEB 


The application problems in this section are similar to problems solved earlier in 
the text. Each of the strategies for the problems in this section will result in a 
quadratic equation. 


~ A small pipe takes 16 min longer to empty a tank than does a larger pipe. 
Working together, the pipes can empty the tank in 6 min. How long would it 
take the smaller pipe working alone to empty the tank? 


G.%:2,.2.2.2 e\eeeee ee oe eee eee eeoee2e68 98 *eeee0s6 > e@eeeoes eo ® 


Strategy for Solving an Application Problem 


eses@e 


i. Determine the type of problem. Is it a uniform motion problem, a geometry problem, 
an integer problem, or a work problem? 


@eeeeee82? 


, 
SI eo @®eeeeess eesesd eeeeseece ©e@eee2s se eseeeoeeés 3) e6eeo0 & 


The problem is a work problem. 


f..%.%,2 e2ee2ee28 @ ®eee¢o6 eeeee@008 @ee62 @ s2¢°® € eeee soom, 


2. Choose a ere to represent the unknown quantity. Write numerical or variable : 
expressions for all the remaining quantities. These results can be recorded in atable. ~ 


gpeeeees 


ee¢8eo668 ®6e¢e6o ®eeeode2868 @e@e@eeeeaoses seeeene ®8#660 68 @@ees ceeed 


The unknown time of the larger pipe: ¢ 
The unknown time of the smaller pipe: t + 16 








Rate of Work . Time Worked = Part of Task Completed 
6 
Larger pipe : : 6 = iss 
Smaller pi a 6 = 2 
oe t+ 16 t+ 16 
f MR ARRAS BA @ee9#2ees e@eeees e@eeeeeo8dss eeee2es eeees ees sees © F © tn 
* 3. Determine how the quantities are related. " 
Wwesececa @eeee ce eeeeeeaecescea2 ces @#eee#ee #*eee@ ee ee eees ctacnew 
6 OF e The sum of the parts of the task 
t u $416 + completed must equal 1. 
6 
iG 16)| 4, = f(t + 16)-1 
( ($ (fae =| ( ) 


Ge 16)6 43 6h = SEG 

6f -& 96 -- Of = f+ 167 
O = ¢2 + 4t — 96 
0 = (¢ + 12)(t — 8) 


t+12=0 ron A) 
t=—12 t=8 
Because time cannot be negative, the solution t = —12 is not possible. 


The time for the smaller pipe is t + 16. 
t+ 16=8+4 16 = 24 ¢ Replace ¢ by 8 and evaluate. 


The smaller pipe requires 24 min to empty the tank. 
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CORSE O OOO RHEE EHH EH EEE O HHT H SO SOE H HEHE ETO E EOS O ESO SSEEEOSESSSEEESOHHHED ESS HESHHSESEHHESHESH SES SES EES EEE SES EES EEH SES EHSSHH ESE SEE SHH EHSEH ESOS ESO SES SSS HOH OD 


“You Try It 1 


Example 1 
In 8 h, two campers rowed 15 mi down a river 
and then rowed back to their campsite. The 
rate of the river’s current was 1 mph. Find the 
rate at which the campers rowed. 


Strategy 
e This is a uniform motion problem. 
e Unknown rowing rate of the campers: r 








Distance Rate Time 
15 
Down 15) rad 
A eel 
river 
15 
Up 15 ieceel ye 
river 


e The total time of the trip was 8 h. 











Solution 
fies) 5 
+ — 
ese il a= 
15 15 
- + - + = y + ———— 
(Ase UNG Df: oe i (eae Ge — shes 


@— 1S 2e = 1 He 18 
15ry— 15 + 157 + 15 = 8r? — 8 
30r—or? 35 
OR or = 30r 6 
0 = 2(472 — 15r— 4) 
0 =2(4r+ 1 - 4) 


4r+1=0 r—4=0 
47, = —] r= 
1 
ie eae 
4 
The solution r = -* is not possible, 


because the rate cannot be a negative number. 


The rowing rate was 4 mph. 


The length of a rectangle is 3 m more than the 
width. The area is 54 m2. Find the length of 
the rectangle. 


Your strategy 


Your solution 


Solution on p. S32 
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10.5 Exercises 






Objective A Application Problems 





1. The base of a triangle is 1 cm less than five times the height of the tri- 
angle. The area of the triangle is 21 cm2. Find the height and the length 
of the base of the triangle. 


2. The length of a rectangle is 2 ft less than three times the width of the 
rectangle. The area of the rectangle is 65 ft?. Find the length and width 
of the rectangle. 


3. The state of Colorado is almost perfectly rectangular, with its north 
border 111 mi longer than its west border. If the state encompasses 
104,000 mi?, estimate the dimensions of Colorado. Round to the near- 
est mile. 





4. A square piece of cardboard is formed into a box by cutting 10cm 
10-centimeter squares from each of the four corners and then folding 
up the sides, as shown in the figure. If the volume, V, of the box is to be 
49,000 cm?, what size square piece of cardboard is needed? Recall that 
V = LWH. 


10 em 














5. Acar with good tire tread can stop in less distance than a car with poor 
tread. The formula for the stopping distance d, in feet, of a car with 
good tread on dry cement is approximated by d = 0.04v? + 0.5v, where 
v is the speed of the car. If the driver must be able to stop within 60 ft, | 
what is the maximum safe speed, to the nearest mile per hour, of the 
car? 


6. A model rocket is launched with an initial velocity of 200 ft/s. The 
height h, in feet, of the rocket t seconds after the launch is given by 
h(t) = —16t* + 200t. How many seconds after the launch will the rocket 
be 300 ft above the ground? Round to the nearest hundredth of a 
second. 


7. The height of a projectile fired upward is given by the formula 
S$ =v ot — 16t?, where s is the height in feet, v, is the initial velocity, and 
t is the time in seconds. Find the time for a projectile to return to Earth 
if it has an initial velocity of 200 ft/s. 





8. The height of a projectile fired upward is given by the formula : 
S = Vot — 1627, where s is the height in feet, vp is the initial velocity, and Reh erne en) 
t is the time in seconds. Find the time for a projectile to reach a height Wt a . aeae 
of 64 ft if it has an initial velocity of 128 ft/s. Round to the nearest hun- L etetess ples ae 
dredth of a second. f Dieseldor - Leipzige : 

Bonn SS 
gee 

9. In Germany, there is no speed limit on some portions of the autobahn G Frankfurt 7s N 
(highway). Other portions have a speed limit of 180 km/h (approxi- See ee 
mately 112 mph). The distance d, in meters, required to stop a car trav- ‘ ee emer” 
eling at v kilometers per hour is d(v) = 0.019v? + 0.69v. Approximate, to genre SS 


the nearest tenth, the maximum speed a driver can be traveling and still 
be able to stop within 150 m. 


German Autobahn System 


574 


10. 


Lt. 


(2: 


14. 


15. 


16. 


Chapter 10 / Quadratic Equations 


A perfectly spherical scoop of mint chocolate chip ice cream is placed in 
a cone, as shown in the figure. How far is the bottom of the scoop of ice 
cream from the bottom of the cone? Round to the nearest tenth. (Hint: A 
line segment from the center of the ice cream to the point at which the ice 
cream touches the cone is perpendicular to the edge of the cone.) 


A small pipe can fill a tank in 6 min more time than it takes a larger pipe 
to fill the same tank. Working together, both pipes can fill the tank in 
4 min. How long would it take each pipe working alone to fill the tank? 


A cruise ship made a trip of 100 mi in 8 h. The ship traveled the first 
40 mi at a constant rate before increasing its speed by 5 mph. Then it trav- 
eled another 60 mi at the increased speed. Find the rate of the cruise ship 
for the first 40 mi. 


The Concorde’s speed in calm air is 1320 mph. Flying with the wind, 
the Concorde can fly from New York to London, a distance of approxi- 
mately 4000 mi, in 0.5 h less than the time required to make the return 
trip. Find the rate of the wind to the nearest mile per hour. 


A car travels 120 mi. A second car, traveling 10 mph faster than the first 
car, makes the same trip in 1 h less time. Find the speed of each car. 


For a portion of the Green River in Utah, the rate of the river's current is 
4 mph. A tour guide can row 5 mi down this river and back in 3 h. Find 
the rowing rate of the guide in calm water. 


The height /, in feet, of an arch is given by the equation 
h(x) = — Sy? + 27, where |x| is the distance in feet 


from the center of the arch. 

a. What is the maximum height of the arch? 

b. What is the height of the arch 8 ft to the right of 
the center? 

c. How far from the center is the arch 8 ft tall? 


APPLYING THE CONCEPTS 


17. 


18. 


The surface area of the ice cream cone shown at the right is given 
by A = ar? + ars, where r is the radius of the circular top of the cone and 
s is the slant height of the cone. If the surface area of the cone is 11.257 
in? and its slant height is 6 in., find the radius of the cone. 


Using Torricelli’s Principle, it can be shown that the depth, d, of a liquid 
in a bottle with a hole of area 0.5 cm? in its side can be approximated by 
d = 0.0034t? — 0.52518t + 20, where ¢ is the time since a stopper was 
removed from the hole. When will the depth be 10 cm? Round to the near- 
est tenth of a second. 





1s eae Oe 
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Objective A 


pecterencnarereesanseresaoaatss 


| TAKE NOTE 


_ For each factor, choose a 

' number in each region. 

_ For example: when 

lx= Ae OS 

I negative; when x = 1, 

_ x — 3 is negative; and 

when 14. — 3 1S 

| positive. When x = —4, 

x + 2 is negative; when 
=1,x + 2 is positive; 


and whenx =4,x+2is | 
| positive. 
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Quadratic Inequalities and 
Rational Inequalities 


for SAW hy 
TUTO rs SSM 


A quadratic inequality is one that can be written in the form ax? + bx +c <0 
or ax* + bx + c > 0, where a # 0. The symbols < and = can also be used. 
The solution set of a quadratic inequality can be found by solving a com- 
pound inequality. 


Tousolveev-9—)3%0=) 10 = 0; first Ceo 1 OO 
factor the trinomial. (Gece Nee = Saw) 





To solve a nonlinear inequality 


There are two cases for which the product of the factors will be positive: (1) both 
factors are positive, or (2) both factors are negative. 


Oe Ce Oeand o> = 0 
Qe 2s 0\and «— 50 


Solve each pair of compound (iat 2 0 and x—5>0 
inequalities. eS =e 3S 
(leet Wi (alee 5) = (ai 5) 


Qi Use and or 5 0 
x<—2 x<5 
Poe 2 gn cio) i | 








Because the two cases for which the product will be positive are connected by or, 
the solution set is the union of the solution sets of the individual inequalities. 


ake SU (lan < —2) = {xlx > 5 or x < =2} 
Although the solution set of any quadratic inequality can be found by using the 
method outlined above, a graphical method is often easier to use. 


=» Solve and graph the solution set of x2 — x — 6 < 0. 


x*—x—-6<0 
Factor the trinomial. Ge = Be tS PAO) 
On a number line, draw lines indicat- 


ing the numbers that make each factor oe 
equal to zero. 25 








erase a) 
a a 





For each factor, place plus signs above ¢—3 a= | a= = | tet 
the number line for those regions Pee eee st bonop ha recia || Spas hare 
where the factor is positive and minus Saale ees 
signs where the factor is negative. De GRP Ee 





Because x2 — x — 6 < 0, the solution set 
will be the regions where one fac- 
tor is positive and the other factor is 
negative. 


Write the solution set. ee ea a a 8 


The graph of the solution set of 
x* — x — 6 < 0 is shown at the right. Es. dasa Otil2 ae 


576 Chapter 10 / Quadratic Equations ~ | 
| 


™> Solve and graph the solution set of (« — 2)@ + 1)(@ — 4) > 0. 





On a number line, identify for each fac- 
tor the regions where the factor is 
positive and those where the factor is 
negative. 








There are two regions where the prod- 
uct of the three factors is positive. 


Write the solution set. {x 





—1<x<2o0rx>4} 


The graph of the solution set of 
(62 Ga IG 4) a= Ohiseshowinrat 
the right. 


-5 -4-3-2-1 012 3 45 


> Solve! 2 = 1 
x —4 



















Liga 
———— il 
x= 4 
Rewrite the inequality so that 0 Phe 15) 
appears on the right side of the aie ao 
inequality. 
est Ui ee) = 3 
Simplify. rene 
x= =a 
eA \ 
On a number line, identify for each fac- Ee oa eee 
tor of the numerator and each factor of x-4 +... | =a fas 
the denominator the regions where the 
factor is positive and those where the =5 =4-3=-2-1 0 1 52 
factor is negative. 4 
The region where the quotient of the 
two factors is negative is between 1 
and 4. 
Write the solution set. {x|1 =x <4) 


Note that | is part of the solution set but 4 is not because the denominator of 
the rational expression is zero when x = 4. 


REN ER ae nea aoa oo ik teen ae ee seteeeeseneeeeesenee 


1 [ yh : > 


{ 
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, 2. For the inequality x= = 1, which of the values 1, 2, and 3 is not a possi- 


ble element of the solution set? Why? 


Solve and graph the solution set. 


























Sane — 4) + 2) > 0 Ab (ee as Ge = si S80 
a a+ $4 HH 
meen? { 0) 1 2 34 5 S22 a, Hien eee ee 
a Ox + 2 = 0 6. x7+5x+6>0 
Mes 5 0 4 2.30840 Aree eee ee PO 2 3. A: Ss 
7. x2-x-12<0 8. x72+x-20<0 
cea SS ee at 
Meera = 1s 0 Me 2 3 4 5 St 2 Se We) ae 
9. «-—1)a + 2)u% -— 3) <0 10. @+4)@ —2)«@+4+1)>0 
SSS SS SS SS aes SS SS Se 
wpe 3 20 <1) 6.1 2°'3° 4 8s Mis wt ead te OWA tS AS 
die 4)(x — 2)\e% — 1) = 0 12. @-—1)@+5)« -—2)=0 
2 pee a yl pe jp a 
_y ee ee ees ge eee ae eee) SE tie ee or ee es 
= + 2 
3, =a 14oe r) 
x+2 = 3 
Othe es et ale eee te dt Se a 
8 SC a ee LS OR SEA Tals Tae eS 
p= 3 oo 1 
15. <0 16. >0 
x+1 xe 
a es a ttt tt 
Se tese 0” 1, 23 eas eer Se ot eo ee a ee Oe 


577 


578 Chapter 10 / Quadratic Equations 


caer 


17. <0 
x = 8 





Solve. 


1959 16 0 


22. x27 + 4x > 21 


22: 





28. 


31. 





APPLYING THE CONCEPTS 
Graph the solution set. 


34. 


tt 
ey) 0 2 4 





Le 


36.0 (re 8) eae 8) 0 


38.) Gee 1) = Ser 2h) 





Seb beat 
a4. ae 0 2 4 


20. 


26 


26. 


Jae) 


32: 


(9g de DYGE = 2Ge se Ge 4b 4h) 





(Cem) Ge th) : 

















18. 
= 2 
= SSS Se (r= 
S54 =o Oe ie? 4 5 
x*—420 21. x2 -— 9x = 36 
4x? — 8X + 3 <0 24. 2x2 + 11x +42 0 
Xx B= 2 
a) 27.0 = 
(Cte Cee 2) (Ca eue ea ||) 
x x 
al 30. all 
2x — 1 2633 
3 2 3 1 
; > 
= BD eae ee f=) oer il 
853.96 = Dee 3) = 2a SO 


Senn (he 2S) (et 2 )e() 


a 





- - 0 2 


x7(3 — x)(2x + 1) - 
(x + 4)@ + 2) 





393 


=0 


——» 
4 


a es 





-4 -2 0 2 


4 


———— 
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e Focus on Problem Solving 


Use a Variety of We have examined several problem-solving strategies throughout the text. See 
Problem-Solving — if you can apply those techniques to the following problems. 
Techniques 


1. Eight coins look exactly alike, but one is lighter than the others. Explain how 
the different coin can be found in two weighings on a balance scale. 


2. Forthe sequence of numbers 1, 1; 2,,3,.5, 8, 13, ..., identify a possible pat- 
tern and then use that pattern to determine the next number in the sequence. 


3. Arrange the numbers 1, 2, 3, 4,5, 6, 7, 8, and 9 in the squares 
at the right so that the sum of any row, column, or diagonal 
issn (Ssuecesiion-Nove that lo,0; 2,5, 923, 5, 4 and 4, 5, 
6 all add to 15. Because 5 is part of each sum, this suggests 
that 5 be placed in the center of the squares.) 








4. Arestaurant charges $10.00 for a pizza that has a diameter of 9 in. Determine 
the selling price of a pizza with a diameter of 18 in. so that the selling price 
per square inch is the same as for the 9-inch pizza. 


5. You have a balance scale and weights of 1 g, 4 g, 8 g, and 16 g. Using only 
these weights, can you weigh something that weighs 7 g? 9 g? 12 g? 19 g? 


6. Can the checkerboard at the right be covered with domi- 
nos (which look like LIM) so that every square on the 
board is covered by a domino? Why or why not? (Note: 
The dominos cannot overlap.) 


@ Projects and Group Activities 


Completing — Essentially all of the investigations into mathematics before the Renaissance 

the Square were geometric. The solutions of quadratic equations were calculated from a 
construction of a certain area. Proofs of theorems, even theorems about num- 
bers, were based entirely on geometry. In this project, we will examine the 
geometric solution of a quadratic equation. 
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=™ Solve: x2 + 6x = 7 


Begin with a line of unknown length, x, and one of length 6, the coefficient 
of x. Using these lines, construct a rectangle as shown. 


Area =x2+ 6x 


Figure 1 


Now draw another area that has exactly the same area as Figure 1 by cutting 
off one-half of the rectangle of area 6x and placing it on the bottom of the 
square labeled x?. See Figure 2. 


The unshaded area in Figure 2 has exactly the same 
area as Figure 1. However, when the shaded area is 
added to Figure 2 to make a square, the total area is 
9 square units larger than that of Figure 1. In equa- 
tion form, 





(Area of Figure 1) + 9 = area of Figure 2 


or Area = (x + 3)2 


Ore CC) Piguies2 


Prom the originaliequation, 77 q101— 741 aus: 


x*+ 6x +9=( + 3) 


7+9=(@ +43) © x27+6x=7 
We Gea Se 
Ags © See note below. 


[hs oe 


Note: Although early mathematicians knew that a quadratic equation may 
have two solutions, both solutions were allowed only if they were positive. Af- 
ter all, a geometric construction could not have a negative length. Therefore, 
the solution of this equation was 1; the solution —7 would have been dismissed 
as fictitious, the actual word that was frequently used through the 15th cen- 
tury for negative-number solutions of an equation. 


Try to solve the quadratic equation x* + 4x = 12 by geometrically completing 
the square. 


Using a Graphing Recall that an x-intercept of the graph of an equa- 

Calculator to Solve a_ tion is a point at which the graph crosses the 

Quadratic Equation x-axis. For the graph in Figure 3, the x-intercepts 
em are (—2, 0) and (3, 0). 


Se 





Figure 3 
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Recall also that to find the x-intercept of a graph, set y = 0 and then solve 
for x. For the equation in Figure 3, if we set y = 0, the resulting equation is 
0 = x* — x — 6, which is a quadratic equation. Solving this equation by factor- 
ing, we have 


O=x*—x-6 
0= @ + 2)G — 3) 


x+2=0 ona) 
a BG 


ll 
ee) 


Thus the solutions of the equation are the x-coordinates of the x-intercepts of 
the graph. 


This connection between the solutions of an equation and the x-intercepts 
of its graph enables us to find approximations of the real number solutions 

Y,=2x24+5x-1 Of an equation graphically. For example, to use a TI-83 to approximate the 
; - _.. 4 J, solutions of 2x? + 5x — 1 = 0 graphically, use the following keystrokes 
to graph y = 2x? + 5x — 1 and find the decimal approximations of the 
x-coordinates of the x-intercepts. Use the window shown in the graph in 
Figure 4. 








(—2.68614, 0) (0.18614, 0) 








[Y=] [CLEAR] 2 [X,Ton| [227] [4]5 [kKTen) [—]1 
2nd 2 


Use the arrow keys to move to the left of the leftmost x-intercept. Press 
ENTER. Use the arrow keys to move to a point just to the right of the left- 
most x-intercept. Press ENTER twice. The x-coordinate at the bottom of the 
screen is the approximation of one solution of the equation. To find the 
other solution, use the same procedure, but move the cursor first to the left 
and then to the right of the rightmost x-intercept. 





Figure 4 





Attempting to find the solutions of an equation graphically will not neces- 
sarily find all the solutions. Because the x-coordinates of the x-intercepts 
of a graph are real numbers, only real number solutions can be found. 
For instance, consider the equation x2 + 4x + 5 = 0. The graph of 
y =x? + 4x + 5 is shown in Figure 5. Note that the graph has no x-intercepts 
and, consequently, no real number solutions. However, x? + 4x + 5 = 0 does 
have complex number solutions that can be obtained by using the quadratic 
Figure 5 fOnmuUld Mey enet 2) tran 2) — te 





Chapter Summary 


Key Words A quadratic equation is an equation of the form ax? + bx + c = 0, where a and b 
are coefficients, c is a constant, and a # 0. A quadratic equation is also called a 
second-degree equation. |p. 545 | 


— 
of | - 


——~ 


A quadratic equation is in standard form when the polynomial is in descending 
— order and equal to zero. [p. 545] 
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When a quadratic equation has two solutions that are the same number, the 
solution is called a double root of the equation. |p. 545) 


i 
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Essential Rules 


Methods of Solving a Quadratic Equation: 


1. 


Adding to a binomial the constant term that makes it a perfect-square trinomial 


Factoring 
This method is used only when the polynomial ax? + bx + c is factorable. 


. Taking square roots 


This method is used only when the value of b in ax? + bx +c is 0. 
It is also used when an equation can be written in the form 


Square of a binomial = constant 


. Completing the square 


This method can be used to solve any quadratic equation. 


. Quadratic formula 


This method can be used to solve any quadratic equation. 
[pp. 545, 547-548, 553-555, 559-561] 


is called completing the square. |p. 553) 


For an equation of the form ax? + bx + c = 0, the quantity b* — 4ac is called the 


discriminant. [p. 561] 


An equation is quadratic in form if it can be written as au* + bu + c = 0. [p. 565] 


A quadratic inequality is one that can be written in the form ax* + bx +c > 0 or 
ax’ + bx +c <0, where a # 0. The symbols < or = can also be used. [p. 575] 


The Principle of Zero Products [p. 545] If ab = 0; then a = 0 orb = 


To Solve a Quadratic Equation by Factoring [p. 545] 


abhwN = 


. Write the equation in standard form. 

. Factor. 

. Use the Principle of Zero Products to set each factor equal to 0. 
. Solve each equation. 

. Check the solutions. 


To Write a Quadratic Equation Given Its Solutions [p. 547] 


Use the equation (x — r,)(x — 1) = 0. Replace r, with one solution and r, with 


the other solution. Then multiply the two factors. 


To Complete the Square [p. 553] 
Add to a binomial of the form x* + bx the square of x of the coefficient of x. 


To Solve a Quadratic Equation by Completing the Square [p. 555] 


1. 
. Multiply both sides of the equation by -. 


et 


The Quadratic Formula [p. 559] 
The solutions of ax* + bx +c = 0,a #0, are x = 


The Effect of the Discriminant on the Solutions of a Quadratic Equation [p. 561] 
1 
Zi 
3. 


Write the equation in the form, ax* + bx = —c. 


l 
. Complete the square on x? + 7s: Add the number that completes the square 


to both sides of the equation. 


. Factor the perfect-square trinomial. 


Take the square root of each side of the equation. 
Solve the resulting equation for x. 
Check the solutions. 


—b + Vb? — 4ac 
2a ; 


If b? — 4ac = 0, the equation has one real number solution, a double root. 
If b* — 4ac > 0, the equation has two unequal real number solutions. 
If b> — 4ac < 0, the equation has two complex number solutions. 


PPS OCOSEHHETEHEHHEHEEEEEEHHEEEEESEEESESEEHOEEEEHHEEHO TES EHEHEHSOOOEEEH EEE HEEOEE SHEE ES EHHEEESOOSOEE ERO THEE EEE OE EEE EE OSEOEHEOEEEEEESEOEEEOO ODES OOOO OEE ESOS ODEO ES ESESESS 
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15. 


i Chapter Review 


Solve by factoring: 2x? — 3x = 0 


Solve by taking square roots: 
x? = 48 


Solve by completing the square: 
fo 4x + 3 = 0 


Solve by using the quadratic formula: 
fee ox + 12 = 0 


Write a quadratic equation that has integer 
coefficients and has solutions 0 and —3. 


Solve by completing the square: 
oe 2k 8 = 0 


Solve by using the quadratic formula: 
Bice 3). = 2x — 4 


Solve: (« + 3)(2x — 5) <0 


10. 


TZ 


14. 


16. 


583 


Chapter Review 


Solve by factoring: 6x7 + 9cx = 6c? 


Solve by taking square roots: 


- 1 \2 —— 
(x + 5) +-4=0 


Solve by completing the square: 
The NA 35-0) 


Solve by using the quadratic formula: 
aKa 6 = 0 


Write a quadratic equation that has integer 
2 


—, : 3 
coefficients and has solutions i and See 


Solve by completing the square: 
Ga) oe 0 


Use the discriminant to determine whether 
3x2 — 5x + 1 = 0 has one real number solu- 
tion, two real number solutions, or two com- 
plex number solutions. 


Solver (Ge = 2)@ + 42x + 3)00 
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17. Solve: x22 + x15 —12=0 18: Solver 2 — 1) 3Ve i 2 = 
19. Solve: 3x =— - 20. Solve: == #3 =3 
oe = 7 tee 
21. Solve and graph the solution set: 22. Solve and graph the solution set: 
ae, (Qe = 1)@ - 3) 
=e Sor Y 
SSS SS oe SSS 
ase eM 2 a 25 2429 2-21 0 at) 20 63.485 
23. Solve:x =Vx +2 24. Solve: 2x = Vbe 424-3 
elias 2 aoe ee . wea KS 
25. Solve: ae = 2 26. Solve: 1 IES Cakes 


27. The length of a rectangle is two more centimeters than twice the width. The 
area of the rectangle is 60 cm?. Find the length and width of the rectangle. 


28. The sum of the squares of three consecutive even integers is fifty-six. Find 
the three integers. 


29. An older computer requires 12 min longer to print the payroll than does a 
newer computer. Together the computers can print the payroll in 8 min. 
Find the time for the new computer working alone to print the payroll. 


30. Acar travels 200 mi. A second car, making the same trip, travels 10 mph 
faster than the first car and makes the trip in 1 h less time. Find the speed 
of each car. 
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11. 


a Chapter Test 


Solve by factoring: 3x? + 10x = 8 


Write a quadratic equation that has integer 
coefficients and has solutions 3 and —3. 


Solve by taking square roots: 
Bae 2) 24 = 0 


Solve by completing the square: 
Be OX = 2 


Solve by using the quadratic formula: 
fr 4x + 12=0 


Use the discriminant to determine whether 
x2 — 6x = —15 has one real number solution, 
two real number solutions, or two complex 
number solutions. 


10. 


12. 


Chapter Test 585 


Solve by factoring: 6x? — 5x — 6 = 0 


Write a quadratic equation that has integer 


coefficients and has solutions : and —4. 


Solve by completing the square: 
Keke 2a) 


Solve by using the quadratic formula: 
Deen Meg — Al 


Use the discriminant to determine whether 
3x2 — 4x = 1 has one real number solution, 
two real number solutions, or two complex 
number solutions. 


Solve: 2x + 7x2 —4=0 
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13;. Solvest*—4x7 3 = 0 14." Solves V2x- 1 5 = 2a 
15. Solve: Vz —2 = Vx -2 16. Solve: “+ =— = 1 
17. Solve and graph the solution set of 18. Solve and graph the solution set of 
aD Ce 4) 0) ax-3 9 
i a 
SS a Sa et 
S504 8)? iO, Wy ee gaedens Sieve ty oe i Ls 


19. The base of a triangle is 3 ft more than three times the height. The area of 
the triangle is 30 ft*. Find the base and height of the triangle. 


20. The rate of a river’s current is 2 mph. A canoe was rowed 6 mi down the 
river and back in 4 h. Find the rowing rate in calm water. 
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a Cumulative Review 


ieebvaluate 2a2 — b2 + c? when a = 3, b = —4, pas 
andc = —2. 

3. Find the volume of a cylinder with a height 4. 
of 6 m and a radius of 3 m. Give the exact 
measure. 

5. Find the slope of the line containing the 6. 


points (3, —4) and ( —1, 2). 


7. Find the equation of the line that contains 8. 
the point (1, 2) and is parallel to the line 
aay = 1. 
9. Graph the solution set: 10. 
Pay = 3 
Da vy = 4 
y. 
4 





ee 0) i.2 04 





=A 
11. Divide: (3x3 — 13x? + 10) + (3x — 4) 12. 
13, Factor: 6x? — 7x =-20 14. 


Cumulative Review 537 


Solve (3x = 2) <8 


Given f(x) = ae find f( —2). 


Find the x- and y-intercepts of the graph of 
Ox —=say = 15! 


Solve the system of equations. 
Meat oVetee a2 
Lye ZS 9 
aly 22 | 


Triangles ABC and DEF are similar. Find the 
height of triangle DEF. 


Ji) 


B 24 cm 


Factor: —3x3y + 6x*y? — 9xy? 


eer ox ae Ax? — 4x? 
8x2 + 8x x? - 1 





Multiply: 


588 


Ld: 


| Ode 


19; 


yA 


22; 


23. 


24. 


Chapter 10 / Quadratic Equations 





Solve: : = - a 


+2 cee oh 


16. Solve S = 5 (a + D) tor 6: 


Multiply.a "=(a"2 7a) 18. Multiply: —2i(7 — 4:) 


Solve: V3x +1 -—1=x 20. Solve: x4 — 6x2 + 8 =0 


A piston rod for an automobile is 9= in. with a tolerance of a in. Find the 


lower and upper limits of the length of the piston rod. 


The base of a triangle is (x + 8) ft. The height is (2x — 4) ft. Find the area 
of the triangle in terms of the variable x. 


The graph shows the relationship between the value of a V 
building and the time, in years, since depreciation began. 300 bali. 
Find the slope of the line between the two points shown , & gp 250g 
on the graph. Write a sentence that states the meaning of = 25 

the slope. e = s 





How high on a building will a 17-foot ladder reach when the 
bottom of the ladder is 8 ft from the building? 


Use the discriminant to determine whether 2x2 + 4x + 3 = 0 has one real 
number solution, two real number solutions, or two complex number 
solutions. 


1 5 20) 
Time (in years) 


25 





30 
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Ge Appendix 


Calculator Guide for the TI-83 and TI-83Plus 


Basic Operations 


—10 


=10 





To evaluate an expression 


a. 


Press the key. A menu showing \Y1 = through \Y7 = will be displayed verti- 
cally with a blinking cursor to the right of \Y1 =. Press [CLEAR], if necessary, to 
delete an unwanted expression. 


- Input the expression to be evaluated. For example, to input the expression 


—3a°b — 4c, use the following keystrokes: 


©] 3 [ALPHA] a D@] [ALPHA] B [= ] 4 [ALPHA] c [2nd] QUIT 
Note the difference between the keys for a negative sign and a minus sign 


eel 








- Store the value of each variable that will be used in the expression. For example, 


to evaluate the expression above when a = 3, b = —2, and c = —4, use the fol- 
lowing keystrokes: 
3 [sTo>] [ALPHA] A [ENTER] [(-)] 2 [STo>] [ALPHA] B [ENTER] [©] 4 [SToS ] 
ALPHA | C | ENTER 


These steps store the value of each variable. 























. Press [VARS] [> ] [1] [1] [ENTER]. The value for the expression, Y1, for the given 





values is displayed; in this case, Y1 = 70. 


To graph a function 


a. 


b. 


Cc. 


Press aise key. A menu showing \Y1 = through \Y7 = will be displayed verti- 
cally with a blinking cursor to the right of \Y1 =. Press [CLEAR], if necessary, to 
delete an unwanted expression. 





Input the expression for each function that is to be graphed. Press to input 
x. For example, to input y = x? + 2x? — 5x — 6, use the following keystrokes: 


Xen] [A] 3+] 2 [xt6n] Le] [=] 5 Ton] [=] 6 


Set the viewing window by pressing [WINDOW]. Enter the values for the minimum 
x-value (Xmin), the maximum x-value (Xmax), the distance between tick marks on 
the x-axis (Xscl), the minimum y-value (Ymin), the maximum y-value (Ymax), and 
the distance between tick marks on the y-axis (Yscl). Now press [GRAPH]. For the 
graph shown at the left, Xmin = —10, Xmax = 10, Xscl =1, Ymin = —10, 
Ymax = 10, and Yscl = 1. This is called the standard viewing window. Pressing 
[6] is a quick way to set the calculator to the standard viewing window. 
Note: This will also immediately graph the function in that window. 





. Préss the key. The equal sign has a black rectangle around it. This indicates 


that the function is active and will be graphed when the key is pressed. A 
function is deactivated by using the arrow keys. Move the cursor over the equal 
sign and press [ENTER]. When the cursor is moved to the right, the black rectan- 
gle will not be present and that equation will not be active. 


. Graphing some radical equations requires special care. To graph the equation 


y = V2x + 3 shown at the left, enter the following keystrokes: 
VF eh 2 3 


747 


748 


Appendix 


To display the x-coordinates of rectangular coordinates as integers 
a. Set the viewing window as follows: Xmin = —47, Xmax = 47, Xsel = 10, 
Ymin = —31, Ymax = 31, Yscl = 10. 


b. Graph the function and use the TRACE feature. Press [TRACE] and then move the 
cursor with the [<j] and [& ] keys. The values of x and y = f(x) displayed on the 
bottom of the screen are the coordinates of a point on the graph. 














To display the x-coordinates of rectangular coordinates in tenths 
a. Set the viewing window as follows: [ZOOM 


b. Graph the function. Press [TRACE] and then move the cursor with the [<1] and 
[| keys. The values of x and y = f(x) displayed on the bottom of the screen are 
the coordinates of a point on the graph. 





To evaluate a function for a given value of x, or to produce ordered pairs of a function 
a. Input the equation; for example, input Y1 = 2x* — 3x + 2. 


b. Press QUIT. 
c. To evaluate the function when x = 3, press [VARS] [ ] [1] [1] [C) 3 LD] [ENTER]. 


The value for the function for the given x-value is displayed, in this case, 
Yi(3) = 47. An ordered pair of the function is (3, 47). 











d. Repeat step c. to produce as many pairs as desired. 


The TABLE feature can also be used to determine ordered pairs. 


To use a table 
a. Press TBLSET to activate the table setup menu. 


b. TblStart is the beginning number for the table; ATbl is the difference between any 
two successive x-values in the table. 
fi — Indpnt: au) Ask 
c. The portion of the table that appears as Depend ee allows you to 
choose between having the calculator automatically produce the results 
(Auto) or having the calculator ask you for values of x. You can choose Ask by 
using the arrow keys. 


d. Once a table has been set up, enter an expression for Y1. Now select TABLE by 
pressing TABLE. A table showing ordered pair solutions of the equation will 
be displayed on the screen. 





Zoom Features 


To zoom in or out on a graph 
Here are two methods of using ZOOM. 


a. The first method uses the built-in features of the calculator. Press and 
then move the cursor to a point on the graph that is of interest. Press [ZOOM]. The 
ZOOM menu will appear. Press to zoom in on the graph by the 
amount shown under the SET FACTORS menu. The center of the new graph is the 
location at which you placed the cursor. Press [ZOOM] [3] [ENTER] to zoom out on 
the graph by the amount under the SET FACTORS menu. (The SET FACTORS 
menu is accessed by pressing [4].) 


b. The second method uses the ZBOX option under the ZOOM menu. To use this 
method, press [ZOOM] [1]. A cursor will appear on the graph. Use the arrow keys 
to move the cursor to a portion of the graph that is of interest. Press [ENTER]. Now 
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use the arrow keys to draw a box around the portion of the graph you wish to zoom 


in on. Press [ENTER}. The portion of the graph defined by the box will be drawn. 
c. Pressing [ZOOM] [6] resets the window to the standard viewing window. 





Solving Equations 


This discussion is based on the fact that the real number solutions of an equation are 
related to the x-intercepts of a graph. For instance, the real solutions of the equation 
x? =x + 1 are the x-intercepts of the graph of f(x) = x? — x — 1, which are the zeros 


Ougn 


To solve x? = x + 1, rewrite the equation with all terms on one side: x7 — x — 1 = 0. 
Think of this equation as Y1 = x? — x — 1. The x-intercepts of the graph of Y1 are the 
solutions of the equation x? = x + 1. 





a. Enter x* — x — 1 into Y1. 


. Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 


c. Press CATCH 2), 


d. Move the cursor to a point on the curve that is to the left of an x-intercept. Press 


[ENTER]. 


e. Move the cursor to a point on the curve that is to the right of the same x-intercept. 


Press [ENTER]. 


f. The root is shown as the x-coordinate on the bottom of the screen; in this case, the 
root is approximately —0.618034. To find the next intercept, repeat steps c. 
through e. The SOLVER feature under the MATH menu can also be used to find 
solutions of equations. 





Solving Systems of Equations in Two Variables 
To solve a system of equations 
To solve vi ee | 
5 +y=1 ; 
. If necessary, solve one or both of the equations for y. 
. Enter the first equation as Y1: Yi = x? — 1. 


. Enter the second equationias Y2,5Y2 — 1 — 5x. 





. Graph both equations. (Note: The point of intersection must appear on the screen. 


Intersection It may be necessary to adjust the viewing window so that the points of intersec- 
X=-1.686141 Y=1.8430703 : : 
tion are displayed.) 


e. Press CALG Bak 
f. Move the cursor close to the first point of intersection. Press [ENTER| |ENTER 


[ENTER] 
g. The first point of intersection is (— 1.686141, 1.8430703). 


h. Repeat steps e. and f. for each point of intersection. 
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Finding Minimum or Maximum Values of a Function 
a. Enter the function into Y1. The equation y = x? — x — 1 is used here. 


b. Graph the equation. You may need to adjust the viewing window so that the maxi- 
mum or minimum points are visible. 


c. Press CALC to determine a minimum value or press CALC to 


determine a maximum value. 


d. Move the cursor to a point on the curve that is to the left of the minimum (maxi- 


mum). Press [ENTER]. 


e. Move the cursor to a point on the curve that is to the right of the minimum (maxi- 


mum). Press [ENTER]. 


f. The minimum (maximum) is shown as the y-coordinate on the bottom of the 
screen; in this case the minimum value is —1.25. 





Statistics 


To calculate a linear regression equation 


a. Press to access the statistics menu. Press 1 to Edit or enter a new list of 
data. To delete data already in a list, press the up arrow to highlight the list name. 
For instance, to delete data in L1, highlight L1. Then press and [ENTER]. 
Now enter each value of the independent variable in Li. Enter each value of the 
dependent variable in Lz. 


b. When all the data has been entered, press [> ] 4 [ENTER]. The values of the 
slope and y-intercept of the linear regression equation will be displayed on the 
screen. 





c. To graph the linear regression equation, modify step b. with these keystrokes: 
[STAT] [> ] 4 [VARS] [J] 1 1 [ENTER]. This will store the regression equation in 
Y1. Now press [GRAPH]. It may be necessary to adjust the viewing window. 











d. To evaluate the regression equation for a value of x, complete step ec. but do not 


graph the equation. Now press [>] 11({C)A [.) ] [ENTER], where A is 


replaced by the number at which you want to evaluate the expression. 
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Proofs and Tables 





Proofs of Logarithmic Properties 


In each of the following proofs of logarithmic properties, it is assumed that the Properties of Exponents are true 
for all real number exponents. 


The Logarithm Property of the Product of Two Numbers 
For any positive real numbers x, y, and b, b ¥ 1, log, xv = log, x + log,y. 
Proof: Let log,x = m and log,y = n. 


Write each equation in its equivalent exponential form. x = b™ y = b" 
Use substitution and the Properties of Exponents. xy =b™b” 
xy = [pierre 
Write the equation in its equivalent logarithmic form. log,xy =m+n 
Substitute log,x« form and log,y for n. log, xy = log,x + log,y 


The Logarithm Property of the Quotient of Two Numbers 





oe x 
For any positive real numbers x, y, and b, b ¥ 1, log, — = log, x — logpy. 
*y 
Proof: Let log,x = m and log,y =n. 
Write each equation in its equivalent exponential form. Lb” y = b" 
‘ J : x [ie 
Use substitution and the Properties of Exponents. aoe 
5 
i 
oS [pie =. 
y 
Write the equation in its equivalent logarithmic form. log, -=m-n 
5 
Substitute log,x« form and log,y for n. log, re log,x — log,v 
The Logarithm Property of the Power of a Number 
For any real numbers x, r, and b, b # 1, log,x' = r log,x. 
Proof: Let log,x =m. 
Write the equation in its equivalent exponential form. x =b™ 
Raise both sides to the r power. a = (br 
x ti [pyiter 
Write the equation in its equivalent logarithmic form. log,x’ = mr 
Substitute log, x for m. log, x” =r log,x 
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Table of Symbols 


a 


, X, (a\(b) 


,+,a)b 


add 
subtract 


multiply 
divide 
parentheses, a grouping symbol 


brackets, a grouping symbol 


: : 22 
pi, a number approximately equal to ca 
or 3.14 


the opposite, or additive inverse, of a 


the reciprocal, or multiplicative inverse, 
of a 


is equal to 
is approximately equal to 


is not equal to 


is less than 

is less than or equal to 

is greater than 

is greater than or equal to 


an ordered pair whose first component is a 
and whose second component is b 


degree (for angles) 

the principal square root of a 
the empty set 

the absolute value of a 

union of two sets 
intersection of two sets 

is an element of (for sets) 


is not an element of (for sets) 
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SISO NSE 


Solutions to Chapter 6 “You Try It” 


SECTION 6.1 
You Try It 4 
You Try It 1 
aa )(—2ab*)* = (—3a2b*)[(—2)4a7b"] 
= {—342b*)(16a1b"2) 
= —484°'6 
You Try It 5 


You Try It2 = (y"~3)? = y&-3)2 = y2n-6 


You Try It3 —  [(ab3)3]* = [a3b9]* = a!4b% 


Solutions to You Try It 


Spe se 





2051s? at — 4 
Jibr se? a 4-4 
Srs? 
46 
(9u~%v4)~! ont oyx4 
(6u>v2)~2 62s 
O- ks 62% 8 
of 
9v8 
‘ths 
ys 


S17 


$18 Chapter 6 


ae ak, c. This is not a polynomial function. 
You Try It 6 SS qenti—-(n+3) = qenti-n-3 = qn-2 ‘ , 
qtt3 A polynomial function does not 
have a variable expression within 
You Try It? 942,000,000 = 9.42 x 108 ee 


You Try It 8 Dal Oma OOOO OD You Try It 4 


5,600,000 x 0.000000081 
900 x 0.000000028 
eo 10 ot 105 
~ 9X 102 x 2.8 x 1078 
(GHC bag a ae? 


(9)(2.8) You Try It 5 
Pee a0s = 18000 


You Try lt 9 














You Try It 10 


Strategy To find the number of arithmetic 
operations: 

e Find the reciprocal of 1 x 107’, 
which is the number of operations 
performed in one second. 

° Write the number of seconds in 
one minute (60) in scientific 
notation. 

® Multiply the number of arithmetic 
operations per second by the 
number of seconds in one minute. 





1 
2 =i 
5 =e: 


You Try it6 —3x7- 4x+ 9 
ey eae 


—8x?2 — 11x + 10 


You Try It7 = Add the additive inverse of 
60730 tO = 5x 2 


: 1 
SONUVON eee en = 10’ a ee ey 
=6x? = 3067 
By ey =x? =, a4 
6 X 10 x 107=6 x 108 
£ : You Try It 8 
The computer can perform 6 xX 10 SQ) PG Re 
operations In one minute. = (4x3 = 3x2 + 2) + (=2x? 4 2x = 3) 
Se Rp et eye ie 
SECTION 6.2 S(=1) = 4-12 = 517 +26) —1 
4 Si 2d | 
YouTrylt1 R(x) = —2x* — 5x37 + 2x — 8 Sas oe! ea | 
2a 52) 22) 18 = —{2 
= —2(16) — 5(8) + 2(2) — 8 
8A (ee 8 You Try It 9 
= —76 D(x) = P(x) — R(x) 
D(x) = (5x2" — 3x" — 7) — (—2x8 — 5x” + B) 
You Try It 2 The leading coefficient is —3, the = (5x2 — 3x" — 7) + (2x2" + 5x” — 8) 
constant term is —12, and the degree 2 Fylh et = 15 
is 4. 
You Try It3 | a. This is a polynomial function. SECTION 6.3 
b. This is not a polynomial function. 
A polynomial function does not You TryIt1  (—2y + 3)(—4y) = 8y? — 12y 


have a variable expression raised 
to a negative power. You Try It2.  —a(3a2 + 2a — 7) = —3a* — 2a? + 7a? 
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You Try It 3 LYyo ae Vy" =u5 
ay 1 
Sy? ys + 3 
6y* + 6y? = Oy 
oy 7 4y° — 2y- — Oy +3 
You Try It 4 
(ago) (2y — 3) = 8y? — 12y — 10y + 15 
== $y2 — 22y + 15 
You Try It 5 
(3b 2)(3b — 5) = 9b? — 15b + 6b — 10 
= 9b? — 9b — 10 
You Try !t6 (2a + 5c)(2a — 5c) = 4a? — 25c? 
Vou Try It7 (3x + 2y)? = 9x? + 12xy + 4y? 
You Try It 8 
Strategy To find the area, replace the variables 
b and h in the equation A = ; bh by 
the given values and solve for A. 
, 1 
Solution A= 5 bh 
1 
A = 5 x + 6)(x— 4) 
A= (x + 3) =4) 
ee a ee 919) 
ie 2 ee 1 
The area is (x? — x — 12) ft?. 
SECTION 6.4 
You Try It 1 Sy, thee a al 
3x + 4)15x2 + 17x — 20 
1522 + 20x 
——@3% 4 20 
=e Oa 
16 
15x? + 17x — 20 16 
See es ge ae ee 
3x + 4 3x + 4 


Solutions to You Try It $19 











You Try It 2 
x2+ 3x -1 
3x — 1)3x3 + 8x2 — 6x + 2 
3x3 — x? 
9x? — 6x 
Ox? — 3x 
= 3x 2 
moe yl 
1 
3x3 + 8x* — 6x + 2 5 1 
=x? +3x-1+4 
oT ps 3x — 1 
You Try It 3 
3x2 -— 2x+4 
x? — 3x + 2)3x4 — 11x} + 16x2 — 16x + 8 
3x4 — 9x3 + 6x? 


= 2 10e = 1 6x 
mos + 6x 4x 














4x? — 12x + 8 
Ax? — 12x + 8 
0 
3x4 — 11x? + 16x*-— 16x48 5 
= 3x7 — 2x + 
PEE 5 3% 2% + 4 
You Try It 4 
=) |) & 3 = 5) 
= [2 
@ =a) 





oho) ee 2) On ae 
(6x Sie eee) Se ahs Te 


You Try !t 5 





Se Sree =) 
(522 —=1244— 6a 16) = = 2) 








= yee Ses 
= 5x a a5 
You ThyiltG (03 \e2a) See Oe 2 
Gi 

M 3 133 

Qi? — 3x9 — 8x7 =— 2) ==) 
7 

pe i IY le aE Mie we) a 
ye 3 


You Try It 7 se 2: 0 7 
sds) 9 See: 
PET eS OS Ws 

P33) ==92 


S20 = Chapter 7 


SAR SRA WES 





SER RRL ATT TENG ABN LA RNS a Nes 


| Solutions to Chapter 7 {OUST valle 


SECTION 7.1 
You Try It 1 
The GCF is 7a?. 


14a2 — 21a4b = 7a?(2) + 7a2(—3a’b) 
7a2(2 — 3a2b) 


II 


You Try It 2 
The GCF is 9; 


27b2 + 18b + 9 = 9(3b2) + 9(2b) + 9(1) 
= 9(362- 20.4 1) 


You Try it 3 
The GCF is 3x*y?. 


6xty? = Oye te Ixy" 
= 3x2y2(2x2) + 3xty4(—3a) + 3x2y2(4y7) 
= 3x>-e- — 3x. 497) 


You Try It 4 
The GCF is a?. 


qut4 ae az = a2(a"*2) 2b a?(1) 
= ax(an*2 za 1) 


You Try It 5 Dil Oita) aise OX) 
= Iy(50e- 2) + 30x = 2) 
=i(Se = 2) (2 + 3) 

You Try It6 a? — 3a + 2ab — 6b 
= (a2 — 3a) + (2ab — 6b) 
= a(a — 3) + 2b(a — 3) 
= (a — 3)(a + 2b) 

You Try It 7 


2mn2 — n + 8mn — 4 = (2mn?2 — n) + (8mn — 4) 
= n(2mn — 1) + 4(2mn — 1) 
= (2mn — 1)(n + 4) 





You Try It 8 ary — Oy — 12.4 4x 
= (3xy — 6y) — (12 — 4x) 
=v (Go 3) 4(5.— x) 
= 3y(% — 3) + 4@— 3) 
=(x — 3)(Gy + 4) 
SECTION 7.2 
You Try It 1 
Factors Sum e Find the positive 
ile Ae pp) factors of 20 
20 (a whose sum is 9. 
4,5 9 


x2 + 9x +20 =(x* + 4) + 5) 


You Try It 2 

Factors Sum ® Find the factors 
1,18 =17 of —18 whose 
ees 17 sum is 7. 

422, = = 

=), 49) a 

to) © = 

=, ake +3 


Te 18 Sx 9) Ge = 2) 


You Try It 3 
The GCE is —2x. 


—2x3 + 14x2 — 12x = —2x(x? — 7x + 6) 


Factor the trinomial x? — 7x + 6. Find two 
negative factors of 6 whose sum is —7. 


Factors Sum 
=, =C —7 
=) =3 a) 


=243 + 14x? = 12x = —2x(e — 6) — 1) 


You Try It 4 
The GCF is 3. 


3x2 — Oxy — 12y? = 3(x? — 3xy — 4y?) 





Factor the trinomial. Find the factors of —4 whose 
Summ Sia) 


Factors Sum 
ae lee =a) 
—1, +4 3 
+2, —2 0 


34? — Oxy = 1297 = 3+ y)(x = 4y) 


SECTION 7.3 


You Try It 1 
Factor the trinomial 2x? — x — 3. 


Positive Factors of —3: 1, —3 
factors OF 22 lee =] 
Trial Factors Middle Term 

(x + 1)(2x. — 3) —3x + 2x = —x 

(x — 3)(2x + 1) x — 6x = —5x 

(x — 1)(2x + 3) Sag — 2K x 

(x + 3)(2x — 1) —x + 6x = 5x 

2x2? -x- 3 = (x + 1)(2« — 3) 
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You Try It 2 
The,GCF is.-3y. 


4 12y? 4 A2y = —3y(15y2 — 4y — 4) 


Factor the trinomial 15y? — 4y — 4. 


Positive Factors of —4: 1, —4 

factors or 15: 1, 15 -1, 4 
5, a 2, =. 

Trial Factors Middle Term 

(Gi )(1Sy = *4) —4y + 15y = ily 


y — 60y = —59y 
Age Lovie 1 ly 


(vir 1 Sy > 1) 
(y — 1)(15y + 4) 


(ye 41 5y — 1) —y + 60y = 59y 
(Yee 1 >y — 2) —2y + 30y = 28y 
G2 (1 5y + 2) 2y — 30y = —28y 
(39 4)6y — 4) S2y ay = — 719 
(3y — 4)(5y + 1) 3 2a 7 
(3y — 1)(y + 4) Py eV) 
(3y + 4)(5y — 1) =3y + 20y = I'y 
yee Sye— 2) —6y + 10y = 4y 


(3y — 2)(Sy + 2) Oye 10) = 45 
eo 12 + 12y = —3yGy — 2)(5y + 2) 


You Try It 3 
Factors of —14 [2(-—7)] Sum 
1, —14 =1'3' 
=—1, 14 13 
a || = 5) 
=. L 5 


Ga 15a — 7 = 2a* - a+ 14a-7 
(ea a) + (4a = 7) 
= a(2a — 1) + 7(2a — 1) 
= Qa — 1)(a + 7) 


Za- 13a — 7 = (2a — 1)(a + 7) 

You Try It 4 

The GCF is 5x. 

15x3 + 40x2 — 80x = 5x(3x?2 + 8x — 16) 
Factors of —48 [3(—16)] Sum 


1, —48 =A7. 
=i, 48 47 
Brea l4 =22 
2p 24 22 
as 16 = 13 
ao, 16 tS 
A 12 =§ 
a4 12 8 


3x? + 8x — 16 = 3x2 — 4x + 12x — 16 
= (3x2 — 4x) + (12x — 16) 
= x(3x — 4) + 4(3x — 4) 
= (3x — 4) + 4) 


Solutions to You Try It $21 


15x3 + 40x? — 80x = 5x(3x? + 8x — 16) 
= 5x(3x — 4)@ + 4) 


SECTION 7.4 


You Try It 1.x? — 36y* = x? — (6y?)? 
= (x + 6y*)(x — by?) 
You Trylt2 9x24 12x +4 = (3x +2) 
You Try It 3 (a + b? — (a — b/ 
=(@-O)rria= bila b)—(a—b)) 
=(a+b+a-bj\at+tb-—atb) 
= (2a)(2b) = 4ab 
You Try It 4 


85 yz = 2)? (yz) 
= (24 = yoann? = 2xyz + yz") 


You Try It 5 

C= ye Gay 

=e yee = yy = Wat yc Got y)?] 
BZ ey ay ny i Xo Dey ety? | 
Oa ea Xe 2 eye) 

= 2x(x? + 3y?) 


You Try It 6 
Levu =e 


Oxy? = 19x 10% 6u2— 19 + 10 
= (20 — 5)(Gu— 2) 
(oxy > (xy — 2) 


You Try It 7 
Let u = x?. 


3x4 + 4x? — 4 = 3u2 + 4u -— 4 
a (Cee ey) (Olea) 
= (42 2x = 2) 


You Try It 8 
Let u = a2b?. 
a‘b4 + 6a2b? — 7 =u? + 6u —7 
= (yh 45 WG = 11) 
= (a*b2 + 7)(a2b2 — 1) 


You Try It 9 
18x3 — 6x2 — 60x = 6x(3x2 — x — 10) 
= 6x(3x + 5)@ — 2) 


You Try It10 4x — 4y — x3 + xy 
=(4e —"4y) — (x2 xy) 
= At — 4) — 22 (4 = 9) 
Ae Va) 
= (ey 2er at) 2oan) 


$22 Chapter 8 


You Try It 11 
xan = wane = x2nt2n = xe yee 


= x2 (xen ae sett) 


The sum of the squares of the two 
positive consecutive integers is 61. 


ee ou Solution ime te (Ga 46 1D = ol 
. ats ie : : n ne i n + 2n+1= 61 
eae ae yi) 2n? + 2n + 1 = 61 
2n2 + 2n — 60=0 
You Try le 2(n2 + n — 30) =0 
ax? = any" = axa —y") s e 
= ax*(x — y*)(x2 + xy? + y*) cae ae ee 
se : : @—5)@ + 6)=0 
— — op a 
SECTION 7.5 Rep TT See 
n=5 n= —6 
You Try It 1 Because —6 is not a positive integer, 
OC 0 it is not a solution. 
2x = 0 x+7=0 re 
C= O C= —7 (Ah = 5 
f n+1=5+1=6 
The solutions are 0 and —7, The two integers are 5 and 6. 
You Try It 2 You Try It 
4x2 —-9=0 ou Iry 
(2x — 3)(2x + 3)=0 Strategy Width = x 
Length = 2x + 4 
2x = 3 =10 Dre se 3h =a) 
2x = 3 2x =-—3 The area of the rectangle is 96 in?. 
3 3 Use the equation A = L- W. 
x== x=- = 
2 2 Solution A=L-W 
3 3 OGE=n(Cege 4s 
The solutions are A ziavel = A 96 = 2x2 + 4x 


You Try It 3 

(x + 2)(x — 7) = 52 
x = 5e-— 14 = 52 
x7 = Se = 66 =10 

(Coat) (Cee ell) a0) 


t+ 6=0 xe UMil 
ie = =6) je = iil 


The solutions are —6 and 11. 


You Try It 4 


0 = 2x? + 4x — 96 
O = 2G? + 22 = 48) 
0 =x? + 2x — 48 
0 = "Gee 8) Ga 6) 
Hab =O x —~6=0 
x= —8 x=6 
Because the width cannot be a 


negative number, —8 is nota 
solution. 


x=6 
2x +4=2(6) +4 = 12 +4296 


Strategy First positive consecutive integer: n 
Second positive consecutive 
integer nivel 


The width is 6 in. 
The length is 16 in. 





BSE 





SECTION 8.1 You Try It 2 
1 1 1 
eens 6x" Oe ey ae tek eA ee oe 24 (x—4)(x + 6) 
mya? 12x7y3 -2-2-B+x*y? = 2y? 16 — x? —(x? — 16) —(x—4F)(x + 4) 
1 
oe ap le. 
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Solutions to You Try It $23 














5 : You Try It 3 
ee te 2) FO) The LCM is 36xy°z. 

CoP ae hae ee (ag 

1 Re 3) OZU O22 
O26 A4xy?  4xy? —-9z 36xyz 
|! Dime lmeeee tol Axe Bx 4x 
9y*z Qy?z 4x 36xy7z 

You Try It 4 


12x? + 3x Be erie) AQ —3) 
Oem oc et 18 Siieans))  O(XKet 2) 





You Try It 4 
The LCM is (« + 2)(x — 5)\(x + 5) 


























1 1 
_ Bx(4x + 1) +2 + 20x—35 ee Pe Oe BES 
5(2e—3) - B+ 3(x + 2) Le Se Cee =) 
Z. bo ee AW 
_ 4x(4x + 1) (CRG 35 )\iae 5) 
HS 5) 2x x 2x ap) 
ERPeTee le ies i F(t ARy 
You Try It 5 250% (x mi (x -—5)\(x+5) x+2 
eee > x? — 3x — 18 ae eee 
9 — x2 Wore TG (x + 2)(x — 5)@ +5) 
Die) + 5) j& + 3) — 6) 
(3 —x)G tx) (& — I ~ 6) You Try It 5 2 Preteens ESBS 
a i j x xy xy xy 
mee ON t S)G4-3)G—6). x +5 
GB-X)B+x)(x — 1)a—6) Age You Try It 6 
2x? Tx +4 
nl ee © =" yee 
You Try It 6 “ ae ii Ks 
(ie a a _ Ge BOO 30: eee) ee 
4bc? — 2b’c  6bc — 3b? 4c? — 2b7c a AS St ales WE WS pea lira 2 
1 
_ a? 3bQe—b) _ 3a _ (2x + I)le-4) _ ax + I 
~ 2bce(QQe—by-a 2c Pie ed) x +3 
1 
You Try It 7 
3x2 + 26x +16 2x2 +9x—-5 MT aes 
: 5g- = Il se se | eG 





eee 6x? H2x — 15 
Mee 26g 16 ox? F2x = 15 
3x? -— 7x -6 2x7+9x-5 


ee A 
x*—8x+12 x«*-8x%+12 x«*?-—8x+12 
Sh aD = Ox) tie 2X ae lee ne 











x? — 8x + 12 ~ x? = 8x + 12 
1 1 1 
+ r + 1 

ee ee Ba da ee eS pe cote ee N A 

1 1 1 x? —-8x+12 (w-—2)(x-6) x«-6 

1 
SECTION 8.2 
You Try It 8 

You Try It 1 The LCM of the denominators is 24y. 
Ge ead 4c Se ez 3 Ae 8 





+—=—. 
Byes). 4) ease a CO mea ye 6 
SVs Seapets 


= 4+ 
You Try It2) sm? — 6m + 9 = (m — 3)(m — 3) 24y 24y — 24y 
m2 —- 2m —3 =(m+ 1)(m — 3) OZ eo eee Oc 


LCM = (m= 3) = 3)(m + 1) 24y 24y 


12Quw=2-2-3:u:w 
MGM 2-2-2 3- uve w= 24uv-w 





S24 Chapter 8 















































You Try It 9 You Try It 13 
2—x = —(@ = 2) The LCM is Gx + 2)G = 1). 
Therefore, : = a _ 2x3 5 l 
2-x x~2 3x2 -x-2 ° 3x+2 x-1 
The LCMis 77—=2: - eens) . 5 Uz sl. ee 
iG Bet eee Or (3x 452) Ge =) Sie 2 eee ee 
a) ee rg 2 2-3 ye oe 
Die Ne) Oe 8 (322) Co aS a 2)(x—1) Gx De — 1) 
eee Lite 2 Ox =3) + Ox = 8) = Grr) 
You Try It 10 si Gx 142) Gat) 
The LEM is Gx — IG = 4); e 2h ie Oo ae Ole ae 
4x 9 de Vo 9) Bk I - CD) 
Bx—1 x+4 3x-1 x+4 x+4 3x-1 Se 10 eee) 
4x? + 16x 27x -9 Ge 261) MG 2G 


“Ge iGeeny = Gee De 4) 
WG iis) (eee = ©) 
- (3x — 1)(x + 4) 

































































_ 4x2 + 16x — 27x + 9 SECTION 8.3 
- + 
me ee You Try It 1 
ae ee The LCM of 3, x, 9, and x? is 9x?. 
(3% Ge -F4) 
1 i ml 1 Te! 5 
You Try It 11 Ae ee egiaamel < 
Theme Mnske as: Hs ae eed ieoe T a 
aoe Bee ees Gx 9 ae 9 x? 
We =o Legs x= 3 ; 
25.16 1 _ 3x9 08 3x3) nae 
eek x*-9 w—3)(*4 +3) x+3 
2x-6-1 : 
= 8 
Zz 2x —7 You Try It 2 
3 The LCM is x —S. 
You Try It 12 oe 20 2 20 
The LCM is a(a — 5)(a + 5). x aes Fis eet 
a-3 a-9 20mne 30 x-5 
: tee x+8+ x+8+ 
Chi Soh Gi P25 e+ 5 ar 
gee Ga a= & a 20 3) 
= : aa 25) es (ee a (es FI 
aa—5)"at5 (a—S)@+5) a me ) G ) ~—= 5 ie ) 3 
es = 30 z 
gle a eee pe 5) 8s ee ee : 
ala = 5)(a-+ 5) beeen c 
See 2a 5) ea) he eS 2) g 
a a(a — 5)(a + 5) x? — 5x + 8x — 40 + 30 B 
iS) 
a’*+2a-15+a?—- 9a Stag 35 : 
SS ea PRT TT = ci 
a(a.— d\(a 45) x + 3x — 10 : 
2a? —1d 1 a aa) 4 
~ ala—-5)a+5) ala—5)(a+5) Be cerca a OI eat g 
(x = 2)Ge4+-3) x — 2 g 
1 
(2a + 3)\(a—5) 2a + 3 Q 
sae pcr = 8 


~ ala—S3\(a+5) alat+5) 
1 
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SECTION 8.4 


You Try It 1 





a. = ( + 6)3 


You Try It 4 
Strategy 


Solution 


x2 = 3x + 18 


x* — 3x —18 =0 
(xse43)(4 — 6) = 0 
ja ae Sh = @ 
Re Sal ae 


Kor —"() 
x=6 


Both —3 and 6 check as solutions. 
The solutions are —3 and 6. 


You Try It 2 
54 
g¢ ae 2 
(er .) We: 





1 
= Pp The LCM is x + 2. 
Ke ap 





1 fe ae 1 


Bye 





5x = 
a 


i 


=X 2)3 = 


aoe i) 
= z= 
x+2 


(4-2 10 You Try It 5 
1 eee 
1 





Strategy 


=(742)3 — 10 
= aye ar © = 110) 


Solution 


—2 does not check as a solution. 
The equation has no solution. 


You Try It 3 


6 





(3 5x + 5) m2 
1 x S 
1 
(4-3 )(5x.4 5) inl 2 
1 ge 3 
(5x + 5)2 


10x + 10 
4x + 10 


The solution is 2. 


GEG 
_@+3)Sx+5) 6 


1 See ae 5 You Try It 6 


1 Strategy 
ni pa) Baer) uese 
1 Buea 5) 

1 





= (=. 3)6 
(ane se 1 
18 


Solutions to You Try It $25 


To find the area of triangle AOB: 

e Solve a proportion to find the length 
of AO (the height of triangle AOB). 

e Use the formula for the area of a 
triangle. AB is the base and AO is 
the height. 


Cy Ne 
AB AO 
2 ale 
10 AO 
4 3 
WGAOE a0 A022. 
4(AO) = 30 
AO= 7.5 
1 
A= sbh 
= +(10)(7.5) 
2 
= 37.5 


The area of triangle AOB is 37.5 cm?. 


To find the total area that 256 ceramic 
tiles will cover, write and solve a 
proportion, using x to represent the 
number of square feet that 256 tiles 
will cover. 


Ca 

16 256 

9 x 
256( 2.) = 25625] 

144 =x 


A 144-square-foot area can be tiled 


using 256 ceramic tiles. 


To find the additional amount of 
medication required for a 200-pound 
adult, write and solve a proportion, 
using x to represent the additional 
medication. Then 3 + x is the 

total amount required for a 200- 
pound adult. 


S26 ~—s Chapter 8 





150 200 
Bue 3 ke 
50 200 
TE Eee 


Solution 





200 


Ro) Oia) 





15 0e p> Oni 00 
50x = 50 
x=1 


One additional ounce is required for 
a 200-pound adult. 


SECTION 8.5 


You Try It 1 











You Try It 2 5 =- 





SECTION 8.6 


2 
Aue 
2-5 = 2 


Z 


25 =A 
25° 3A. = Ac Ast aly 


2s -A=L 


You Try It 3 S= 
Ss 
Soe 
Sal 
s-at+d 
s-atd= 
S-atd 
d 
SS ad. 
7 = 


Il 


You Try It 4 


at+(n-—1)d 
a+nd-d 
a-at+nd-d 
na —d 

na = dd 
nd 

nd 

d 


nN 


See 7G. 


S=(14+7C 
S (1+r)C 


1l+r 1 





= salt 6 


You Try It 1 
Strategy © Time for one printer to complete 
the job: t 
Rate Time Part 
; 1 2 
ist printer ; 2 : 
2nd printer : 5 : 
The sum of the parts of the task 
completed must equal 1. 
2S 
Solution Sap = = || 
t t 
mS 
(? ae >) =t:1 
t t 
Oe a 
7 = 
Working alone, one printer takes 7 h 
to print the payroll. 
You Try It 2 
Strategy © Rate sailing across the lake: r 
Rate sailing back: 3r 
Distance Rate Time 
Across 6 r 2 
e 
Back 6 3r & 
3r 
» The total time for the trip was 2 h. 
GOING 
Solution = he = 2 
ip BYP 
6 6 
a(* + 3] = 3r(2) 
ie ote 
6 6 
Bf = Sr ae OF 
i¢ 3r 
18 + 6=6r 
24 = 6r 
4=r 
The rate across the lake was 4 km/h. 
SECTION 8.7 
You Try It 1 


Strategy To find the distance: 


» Write the basic direct variation 
equation, replace the variables by 
the given values, and solve for k. 
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¢ Write the direct variation equation, 
replacing k by its value. Substitute 5 
for t and solve for s. 





Solution s=kf 
64 = k(2) 
64=k-4 
16. = k 
s = 16f? = 16(5)* = 400 
The object will fall 400 ft in 5 s. 
You Try It 2 
Strategy To find the resistance: 
¢ Write the basic inverse variation 
equation, replace the variables 
by the given values, and solve 
TOP iK: 
¢ Write the inverse variation 
equation, replacing k by its value. 
Substitute 0.02 for d and solve 
for R. 
: k 
Solution R= zp 
k 
5 =-—— 
? CO;0 INE 
sel k 
0.0001 
0.00005 =k 
0.00005 0.00005 
R= = = 0.125 
d* (0.02)? 


The resistance is 0.125 ohm. 





Solutions to Chapter 9 “You Try It” 


SECTION 9.1 

You Try It 1 1673/4 = (24)-3/4 
= 2-3 
eae 
Eee § 

Woulryit2  (—81)*4 


The base of the exponential expres- 
sion is negative, and the denominator 
of the exponent is a positive even 
number. 


Therefore, (—81)?4 is not a real 
number. 






Solutions to You Try It S27 








You Try It 3 
Strategy To find the strength: 
® Write the basic combined variation 
equation, replace the variables by 
the given values, and solve for k. 
° Write the combined variation 
equation, replacing k by its value. 
Substitute 4 for w, 8 for d, and 16 
for L, and solve for s. 
k 2 
Solution s= wd 
ib, 
kee (1.2:)* 
1200 = 
12 
k+2+144 
200 = 
2 
1200 = 24k 
50 =k 
50wd* 50-4- (8)? 
Sane iia 16 = 800 


The strength is 800 lb. 


SAE a RE 


You Try It 3 


(Ee =o ae Spdens! 
8/9 
Zz 
ay 





| (tae) 


You Try It 4 oe 


(2x3)34 = W(2x3)3 
= V8x° 


You Try It 5 





$28 Chapter 9 


You Try It 6 —5qr/e = —5(q@>) le 
= -5Va 
You Try It 7 W3ab = (3ab)'3 
You Try It 8 Wx8 + yey) 


You Try It 9 W—8x!?y3 = ey 
You Tryit10 —V81x!y8 = —3x3y? 


SECTION 9.2 











Vou Try it? = Wx? = Wx5- x? 
5/5 3/2 
= Ne OVX 
= x Vx? 
You Try It2  W/—64x8y!8 = oo 
= V(—4x®y!8(x?) 
= W(—4)3x8y8 Wx? 
= —4x2y6 Wo2 
You Try It 3 





3xy V8 1x ey = W/192x8y4 

3xyW27x3 W3x2y — W64x%y3 W3x2y 
SHY 3% VW 3x2y — 4x*y V3x2y 

Oxy W/3x2y = Ax2yW/3x2y = 5x7) W/3x2y 





ll 





You Try It 4 
V5b(V3b — V'10) 
=V15b? — V50b 


=V15b? — V/25 - 2b 
= Vb?V15 — V25V 2b 
= 6V15 —5V2b 





You Try It 5 a 
(2W/2x — 3)(W2x — 5) 


IN 4x? = 108 2h = 320+ 15 
2V/4x? — 13V/2x + 15 


Il 


YouTry!it6 7 
(Va — 3Vy)\(Va + 3Vy) 
= (Va)? — (3Vy)? 


=a-—9y 
You Try It 7 nas = pew 
y y V3y _ yV 3y = yV3y > V3y 





V3y : V3y V3y ~ (V3y)? 3y 3 





ie 3x V 9x 


YOU TiN dt oor 3x7 ‘i WV 3x2 Nox W27x3 


ees 
ps ae alien: 


Bx Ba / 9x 





You Try It 9 
3+V6 34+ V6 24+V6_6+3V6+2V6 + (V6) 
PEN6 2A ee ea oa 2? — (V6) 
6+5V6+6 12+5V6 12+5V6 
a Sy Ce ee 











SECTION 9.3 
V-45 = iV45 =iV9-5 = 3iV5 


You Try It 1 


Vou Try It 2 
98 — V—60 = V98 —iV60 
= V49-2-iV4-15 





= 7V2 -— 2iV15 

You Try It 3 (=4 + 21) — (6 = 81) = —104aiGz 
You Try it4 (16 — V—45) — (3 + V—20) 

= (16 —iV45) — (3 + iV20) 

= (16 —iV9-5) — (3 + i1V4=5) 

= (16 — 3iV/5) — (3 + 2iV5) 

= 13-—5iV5 
YouTryit5 (3 —2i)+(-—3+2i1)=0+0:=0 
You Try It6  (—3i)(—10i) = 3072 = 30(-1) = —30 
You Try It 7 


=V-8- V=5 = -iV8 -iV5 = -7°V/40 
~(-1)V40 = V4- 10 = 2V10 





You Try It 8 
—6i(3 + 41) = —18i — 247? 
= =18i — 24(-1) = 24 — 18:1 


a 





You Try It 9 
V=3(V27 — V—6) =iV3(V27 — iV6) a 
= iV81 — i218 / 
= iV81 —(-1)V9-2 
= 91 + 3V2 
=3V2 + 9i 
You Try It 10 
(4 — 3i)(2 —i) = 8 — 4i — 61 + 3? 
= 8 — 101 + 37? 
= 8 — 10i + 3(-1) 
=5-— 10i 
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You Try It 11 (3 + 6i)(3 — 61) = 32 + 6? 
= 9 + 36 
= 45 
You Try It 12 
1 el Tyree g 1 
( az a fea i0e 1 «10. 
Seles 9 J 
S(owalone 10 1 10. ae 
Oma 
= -_— —=] 
10° 10 
You Try It 13 
2s 2 i 
Ai ee; 
_ 2i - 37? 
47 
27 3(—1) 
4(—1) 
. ae 
4 4 
You Try It 14 
245i 2451 3+2i 6+ 4i + 151 + 107 
fen 3 2; 3 + 2: 32 + 2? 
6 +191 +10(-1)_ -4 + 193 
13 ie 
_ aE? 
me (33. 13. 
SECTION 9.4 
You Try It 1 
8 = 3 Check: 
(Wx — 8)4 = 34 Wx = 8 =3 
x—-8=81 4/893 193 
x = 89 VS lames 
3 =3 


O= 


= 1b SB Weer 5 





(+ Vx +5) 
1+2Vx+5+x+5 
64+ 2Ve+5 
Nae 








4 does not check as a solution. The equation 


has no solution. 


You Try It 3 
Strategy 


Solution 


You Try It 4 
Strategy 


Solution 


You Try It 5 
Strategy 


Solution 


Solutions to You Try It $29 


To find the diagonal, use the 
Pythagorean Theorem. One leg is the 
length of the rectangle. The second 
leg is the width of the rectangle. The 
hypotenuse is the diagonal of the 
rectangle. 

=a + b2 

c = (62 + GB? 


c? = 36+ 9 
Ca A5 
(c2)"2 = (45)1/2 
c= V45 
G= Ons 


The diagonal is 6.7 cm. 


To find the height, replace d in the 
equation with the given value and 
solve for h. 





d= V1.5h 
Say ee 
(5.5)? = (V1.5hky 
30.25 = 1.5h 
20.17 =h 


The periscope must be approximately 
20.17 ft above the water. 


To find the distance, replace the 
variables v and a in the equation by 
their given values and solve for s. 





Vie \/ 208 
BS = \/2 22s 
88 = V44s_ 
(88)? = (V44s) 
7744 = 44s 
769s 


The distance required is 176 ft. 


$30 Chapter 10 


SCRA NERY EEA SRT RUA 





SECTION 10.1 


You Try It 1 he hee 
2x — 7x + 3=0 
(22 = DG 3) =0 


2 le — 10) a —a() 

2x = 1 x=3 
ae 
ah 


The solutions are ; and! 3. 





You Try It2 x? — 3ax — 4a* =0 
(x + a\(x — 4a) =0 
yo a= 0 x= 4ai=0 
x=-a x = 4a 
The solutions are —a and 4a. 
You Try It 3 (CMe i) Exes eel) 
1 
— 3 = = — 
(x x (-3]] 0 
( 3x +4 0 
x= —|| = 
D 
5 3 
Pe Moe, Te ot oe 
BG 5% 5 0 
5 3 
Zion os —=— — | = . 
a(x a >| AMY) 
202 56 —=33=0 
You Try It 4 
2 + 1)2 — 24 =10 
2a 1)? =.24 
(x + 1)? = 12 
Vix + 1)? = V12 
x+1= +2V3 
x+1=2V3 x+1=-2V3 
x= -1+2V3 oe ia 23 


The solutions are 


=a Fand =15— 203; 


SECTION 10.2 
You Try It 1 Ax4 — Ax = | =), 
4x? — 4x = 1 
7 (4x — 4x) = a 
Fa =+ 


Solutions to Chapter 10 “You Try it” 











Lee i i Se SRY aalcl 
Complete the square. 
Latest 
ae ANA 
ja ageey2 
te 
i\ee 
Ve-3) > Vi 
Abo 
2 Z 
,1.¢@ ,_,_e 
2 D 2 » 
,21,” jae 
2 2 2 2) 
The solutions are ~ = and * ae 
Vou Try It 2 
2 eee 
Do oD 
1 
5 (2x 0) = a 5 
1 =) 
Ae e 5D 
Complete the square. 
x? + LP a am, = = aie ES 
jy Ie 2 ie 
1\2 41 
boi} 8 
1 \2 41 
As 
Xaet u = ~vAl 
4 4 
Ee or a = wal bo. Fite i = Bee 
a. 7 ee 4 4 
~1,Vil 86. a 
4 4 4 4 
The solutions are fa and — — 


eam —— 


— 


t 
z 
re 
c 
i 
Z 
E 
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SECTION 10.3 
YouTrylt1 <x?—2x+4+10=0 
ee) ole — 2 =" 10 
a. —b + Vb? — 4ac 
2a 
Beets ry 2)? — 40110) 
wo || 
_24V4-40 2+ V—-36 
s A) -_ 2 
= Sapa 


The solutions are 1 + 3i and 1 — 331. 


You Try It 2 4x2 = 4x — 1 
4x? — 4 +1=0 
(api ora 





poe Vb? =Aae 
2a 
_ —(—4) + V(-4)? — 4(9)) 
2-4 
a4 tV16—-16 42 V0 
8 8 
Tee 
Sa a2 
The solution is 7 
Vounrvits 3x%*--x—-1=0 
(a—25 ae — || 
b? — 4ac = (—1)? — 4(3)(-1) 
=i ere lo 13 
130 
Because the discriminant is greater 
than zero, the equation has two real 
number solutions. 
SECTION 10.4 
You Try It 1 56 a6 0) 


(x'/2)2 — 5(x'2) +6 =0 
u*— 5u+6=0 

(u — 2)(u — 3)=0 

i“ — 2 — 0 = = 
Vi = 7 u= 3 


Replace u by x". 


que 2 xll2 = 3 
Vx = 2 Sia) 
(Ver =2 (Ver = # 
x=4 x=9 


The solutions are 4 and 9. 


Solutions to You Try It 


V2x+1+x=7 
Ve = 1 x 
(V 2x + 1)? = (7 — x)? 
2x + 1 = 49 — 14x + x? 
O = x* — 16x + 48 
0 = (« — 4)@ —- 12) 


eles) 
x = 12 


You Try It 2 


x-4=0 
x=4 


4 checks as a solution. 
12 does not check as a solution. 


The solution is 4. 


WIx= 1 EV ='2 


Solve for one of the radical 
expressions. 


V2x-1=2-Vx 
(V2x — 1) = (2 - Vx 
2x -~1=4-4Vx +x 
x-5=-4Vx 


You Try It 3 


Square each side of the equation. 


(x — 52 = (-4Vx)? 
en OX oe all One 
x? — 26x + 25 =0 
Ge) Ga 25) — 0 


g= l=o tee) 
x=1 x =25 


1 checks as a solution. 
25 does not check as a solution. 


The solution is 1. 


Vou Try It 4 
25) 


oo) @ 


= (3y — 2-8) 





Sy + 





— 2)[3y + 
(3y [39 ee) 





25 

(y ~ 2139) + Gy = 2)(5 725) = Gye 2) 8) 
Oy? — 6y + 25 = —24y + 16 

Oy? + 18y +9 =0 

9G? 4i2y + 1) = 0 

viet 2yer Lo=-0 

(yea yl ja0 
y+1=0 
age 


The solution is —1. 


$31 


$32 Chapter 11 


SECTION 10.5 
You Try It 1 
Strategy © This is a geometry problem. 
» Width of the rectangle: W 
Length of the rectangle: W + 3 
° Use the equation A = L. W. 
Solution A=L-W 
54 = (W + 3)(W) 
54 = W? + 3W 


0=W? + 3W-54 
0 = (W + 9)(W - 6) 


W+9=0 W-6=0 
W=-9 W=6 


The solution —9 is not possible. 
W+3=6+3=9 
The length is 9 m. 


SECTION 10.6 


You Try It 1 2° SK =110 0 
Cas) 2) 0 





—Ji=2—1 0) 1 243 


Seana (Ot 7 BN ee 3) 


{xi-2=x=3} 
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Answers to Selected Exercises A17 





Sih Gisech aia DEA CO Cie a haul Gaui nn Gas erin a aR eG Soi ues ema tepat 


Answers to Chapter 6 Selected Exercises 





PREP TEST 
2 


Tete {LiCl 72, ils) Heino) 3. 3 Lil. UD} 4. —12y [1.4C] S) =f} [LI 2B) 6. 3a — 8b [1.4B] 


foie — 2 | 1-4) 8.0 [1.4B] 9. No [1.4B] 























SECTION 6.1 
1. a is the multiplication of two exponential expressions. b is the power of an exponential expression. 3. a*b+ 
he SLE Th, Ee 9. 81x8y!2 11. 729a!°b® (Ey ayy 15. 729x6 7. ation 19. 4096x!2y!2 
21. 64a*4b}8 ARR, gee PIs}, Gye 2 27. a2 on 7A Gey Bil, Seve 335 12a2b G2 
p Gb x 1 1 1 
SOO Zen 432070"! 39. 54a!3b"7 41. 243 43. y> 45. 4]. = 49. 5 51. -9 537 =. 
y 3 
1 he 1 y® pe 1 1 lex 
Na), ae We Setye 5o 61. (EL 652. 67, ) == ee 5 oo 
xy 10 og b° 2187a x x3 724 aie DASE BO Bly 422 
3a4 9a lous 1 1 1 as 8b! 
Tish: Soar TD lea Wide 1S) Se 61 5 ya i i : 
4b3 8b y° bin en 83 Ye 85 yr 87 y?® 89 3q'8 


| Sim4 67 10-° CBE 1 Ore ek 2B< IO 97. 0.000000123 99. 8,200,000,000,000,000 101. 0.039 

103. 150,000 105. 20,800,000 107. 0.000000015 109. 0.0000000000178 111. 140,000,000 113. 11,000,000 
115. 0.000008 117. Light travels 2.592 x 10!° km in one day. 119. The signals traveled at 1.081 x 107 mi/min. 

121. The centrifuge makes one revolution in 6.6 X 1077s. 123. The sun is 3.38983 x 105 times heavier than Earth. 

125. One orchid seed weighs 3.225806 X 10-8 oz. 127. The Coma cluster is 1.6423949 x 10?! mi from Earth. 








SECTION 6.2 
1. P(3) = 13 3. R(2) = 10 ay (=) = =i Way il ies CG, A 
9. The expression is not a polynomial function. 11. The expression is not a polynomial function. 
13tawo.D. 7 Cc. 5 ie. =S [2 Gs 2 17.a. 14 b. 14 c. 0 
~ 19. 21. 23. 25082 OG) 











27. —x?2 + 1 7s} Sai = INS ae 2 31. 7a27-—a+2 Sey, (Ge) ae Ca) = She — Bee = 
SOEUR) = o%2 — 20 4-5 BY), Nee) = Bee = Bee se a SIO) = 20 39.a.k=8 bk=-4 


SECTION 6.3 


te: Se Sho ae = Tee 5. 3a2— 6a7 Th = Sus ae Sree Ch See? ae Wae® ‘ttle ie = lope 3 OX eel 2 
15. 3x2 + 4x 17. —<ey + xy3 (hh Pak? = Bae se ee 21. 2a3 + 3a” + 2a FEE Shi) = Chae — ee 

Zoey — 12ers 14y2 2120 00-1 od 29) Ova 05) a Oye Ril, ce — BES 3e ORY 

SE), ge) 45 Gee ae oye ae 35, a> —.0a27 13a — 2 375-263) (baa 1 9b 20 39. —6x3 + 31x? — 41x + 10 
CM \., Bel Chea oes = ails) 43 Anke 8 (My, Si = ieee ce Ake 

AiG 200) 00-1; 22058 AQ. -y* + 4y? + y2 = Sy + 2 itl. Gi ab aie ap 3) Ge cals ap yeh — 12 55.42 — oy 24 
Biya Oy 21 GE ee ae ilsye sip 7 ih, ears se hike — a 63545 eon 1 21 655 3y- = Zy — 16 

67. 9x2 + 54% + 77 69. 21a? — 83a + 80 71. 6a? — 25ab + 14b? 73. 2a? — 11lab — 63b? 

75. 100a? — 100ab + 21b? 77. Dx? + Séxy + 48y7 79. 14x2 — 97xy — 60y? 81. 56x? — 6lxy + 15y? 

Sony 25 87. 4x2 — 9 89. x2 + 2x 4+ 1 91. 9a? — 30a + 25 93. 9x? — 49 95. 4a2 + 4ab + b? 
S7OR Sy 99. 25x? + 20xy + 4y? 101. The area is (10x? — 35x) ft?. 103. The area is (4x? + 4x + 1) km’. 
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A18 Chapter 6 


105. The area is (18x? + 12x + 2) in?. 107. The area is (4x2 + 10x) m?. 109. The total area is (3000 + 60w) yd?. 
111. 4ab 113. a3 + 9a2 + 27a + 27 115.a. 7x2 - 11x —8 b. x3 -— 7x*-7 



































SECTION 6.4 
18 
heen vot? sh BY a ee Tok ete ARS a Oa Dir 
ean teh 3h5 oe By, Shear 3 ek | a 5 aay 9. 4x 6x + 9 eae 
1 
11. 3x2 +1+=—>5 (ey 2 = she = 110 qa, gee = ee ae il Gy, Bae = Bhe2 ar as — 4 
2 Xaots) j= 3 
x+2 10x + 8 =e = 7 
19, 2x + —=————_ 02 + 4x + 6+ ———— x2 = 2x + 4 + ———_ 26 = . 3x = 
Gh as Pie ol PANG a8 4x +6 are Z2ouee DE HORS PAS), Dee = 18 il See = 15) 
1 
24), ye ae BB = Sil, Beet = sie ce © 33) 42 Oil Dect 35. 2x? — 3% + 7 8 
se = hl x = 2 x+4 
2 155 
37. 3x2 -= 24? Flax 19S 5 39. 3x3 —-x+4 -; 41. 2x3 + 6x2 + 17x + 514+ 43. f(3) =0 
1 eS ae 


45. P(3) =8 47. R(4) = 43 49. P(—2) = —39 51. Z(—3) = —60 53. Q(2) = 31 557 F(= 3) as 
57 PO) 22 59. R(—3) = 302 61. Q(2) = 0 63. R(—2) = —65 65.4. a? — ab be 


1 3 
b. x4 — x3y + x22 — xy? + y* ©. x5 = xty + xy? — xy xyt*— yy? | 67.a. oe i 1 


10 64 35 a Sit: + 56 
a Cag pe =n de oe 
4 “16s Se 7? aed wi eed elias 





2a 
F 5" ap SSB Si 
b 37 5% 


CHAPTER REVIEW 





1 —6aeb? Sets) 20K y 16. UA) 3. at [6.1B] 4. 0.00254 [6.1C] 
A , 18xy" 
5. —1 | [6.2A) 6.4? — 8x93 5y* [6:2B] 7. —— [6.1B] 8. —54a!3b°c? [6.1A] 
G} y 10:a,.3  b, 8. eo) [6.24] 11. 1 [6.4C] 12. =8x2 = 14x? + 18% [eee 








; [6.2A] 
13. 8a3b3 — 4a2b4 + 6ab5 [6.3A] 14. 6y3 + 17y2- 2y— 21 [63B] 15. 10a? + 31a — 63 [6.3C] 











Nee SAW NO-7 ies 17. 25y2— 70y + 49 [63D] 18. 5x +4+ 3 5 [6.4A] 
oe 
Dey 
(i) tee oe Be — tear [6.4B] 20. x3 + 4x2 + 16x + 64 + [6.4B] 21. 8,100,000,000 [6.1C] 
g oY laa 
2 3 
22) aera [6.1B] 23. 25a2-— 4b? [63D] 24. 68 [6.4C] 25. 2ly2+4y-1 [6.2B] 


26. 12b5 — 4b4 — 6b3 — 8b? + 5 [6.3B] 27. a2 — 49 [6.3D] 28. 7.65 X 10! [6.1C] 

29. The area of the Ping-Pong table is (2w? — w) ft?. [6.3E] 30. The Great Galaxy of Andromeda is 1.291224 x 10!? mi 
from Earth. [6.1D] 31. There are 6.048 X 105s in one week. [6.1D] 32. The area is (9x? — 12x + 4) in?. [6.3E] 
33. The area is (10x? — 29x — 21) cm?. [6.3E] 


CHAPTER TEST 


4 
1. 4x3 — 6x? [6.3A] 2. -—8 [6.4C] a5 TEs [6.1B] 4. —6x3y® [6.1A] Gy Pe Sse 





[6.4A/6.4B] 
ba wl 


10 
6. x3 — 7x2? +17x-—15 [6.3B] 7. ~8a°e- [641A] 8. cond [6.1B] 9. a2 + 3ab — 10b? [6.3B] 10. —3° [6:24] 


11.x%+7 [6.4A/6.4B] 12. 6y4— 9y3 + 18y?2 [6.3A] 13. —4x4 + 8x3 — 3x2 - 14x + 21 [6.3B] 
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20 
TA oy? mero. [6:3D] 15. atb’ [6.1A] 16. 8ab* [6.1B] ae 16.1] Uh SBP ar sue lr ses) 6 7185] 
a 


2) 
tee 25 (6.31) 20m Oe 1 Paes [6.4A/6.4B] 21. 1042 —43xy 28y* [6.3C] 


Zomoa ox? — 8x + 3° 16.28] 7}, BOL WO? eal), 24. The mass of the moon is 8.103 < 10!% tons. [6.1D] 
25. The area of the circle is (mx? — 10m + 257) m2. [6.3E] 


CUMULATIVE REVIEW 


1. —3and3 [1.1A] 25 ce ia Bi 3.6 [1.3A] 4. -; [1.4A] 5. —50V3 [1.2F] 6. The Inverse Property 


of Addition [1.4B] Thi SOX aio ble4 1) 8. 5 [2.2A] 9. +4) {2.2B] uO, al and 2 [2.5A] 


1 3 1 2 
11. 18 [4.2A] 12. Yes [4.2A] 13. = [4.4A] 14. y= ~ ae ap aI [4.5A] 1 ea don 


iG 
AGA 
xy 3 hberl 


8 2) ilk 
16. (-2, -2) [5.3B] 17. (-2. 7? 3) [5.2B] 18. 5x — 3xy [1.4B] 1h), Ale! = The ae 3} |Ie.sh5il| 


20. 5.01 x 10° [6.1C] Zhe 22. 





[4.3B] [4.7A] 


26)" — 6.16) 


23. 25x° 





: [5.1A] [5.5A] 

The solution is (1, —1). 
27. The two integers are 9 and 15. [2.2D] 28. 40 oz of pure gold must be used. [2.3A] 29. The cyclists are 
traveling at 5 mph and 7.5 mph. [2.3D] 30. $4500 must be invested at an annual simple interest rate of 10%. [2.3C] 
31. The slope is 50. The slope represents the average speed in miles per hour. [4.4A] 32. The length is 15 m. 


The width is 6m. [3.2A] 33. The area is (4x2 + 12x + 9) m2. [6.3E] 





RES Os 


Answers to Chapter 7 Selected Exercises 





PREP TEST 
Meese os (12D) 2.\-12y +15 [14D] 3. =a-Pb [14D]° 4.32 + 3b° [14D] ~5.°0 12.15] 


6. -5 [2.2A] 7. x7-—2x-—24 [6.3C] 8. 6x? -—1lx-10 [6.3C] 9. x? [6.1B] 10. 3x*y [6.1B] 


SECTION 7.1 


> (Gate 1) Baste ae) bea Qx 23) TaO(Od aml) Gh sates = 8h) 11, a*(3 + 5a?) 13. y(14y + 11) 
Dede ») 17. 222(5x2 — 6) 19. 4a5(2a3 — 1) A nseleey =A!) ZSmes iy ye)) PA a aC SV) 

ZI mo (ye Ay 2) Pt) BAGEL = SP) hl aye = Shy te te) Ss0a-(6a)— 5a — 2) 35. ab(2a — 5ab + 7b) 
“W), YX Wee <P Si — 1) SO (Sys Vat) ATnast2g i) 43) y2"(y2" = 1) AD uD (Gaels) 


A20 Chapter 7 


ATA (Gia) (yi) 49. (a — b)(3r +s) BS (a Oe —) 53. (4a — b)(2y + 1) 55. (x + 2)@ + 2y) 
ah Ga = 2Y@o = 33) 59. (a + 6)(b — 4) 615 Ca Gey) 63. (4v + 7)(2v — 3y) 659 (205) ee) 
67. (y — 2)Gy — a) 69. (3x — y)(y + 1) 71. (3s + t)(t — 2) 73a. 28 b. 496 


SECTION 7.2 


1. G+ 1)@ + 2) Ser (occa) Coa) 5. (a + 4)(a — 3) Tae 1) (Gee) 9° @ + 2)\(a@— 1) 11. (6 — 3) — 3) 
13. (6 + 8)(b — 1) 15 ine) Gyn) Wily =2)G = 3) IRs (= BE = VY) Zhe eee) (Zi) 

23. (p + 3)(p + 9) 25. (x + 10)(x + 10) 27. (b + 4)(b + 5) 29. (x + 3)(x — 14) 31. (6 4) (65) 

SEY (G) are SG) = a7), 35. (9p + 3)\(p- 7) 37. nonfactorable over the integers 39. @ — 5)(x — 15) 41. (x — 7)(% = 8) 
43. + 8)G@ — 7) 45. (a + 3)(a — 24) 47. (a — 3)(a — 12) AS (cata O)) (Cee lW/)) 51. (c + 9)(c — 10) 

53) + 4@ + 11) 55. (c + 2)(c + 17) Livi, (Ge ae QNGs = 12) 59. (x — 8)(x — 14) 61. G + 15) — 7) 

63an(Gi eS) (aaa) 65. (b — 6)(b — 17) 67. (a + 3)(a + 24) GON Col) Comme) Th (Ge = Ce = ils) 

73. 2e + 1G +2) 75. = 42% —9) WeaGt5)\G6—3) 79 xy —2G— 3) 81i-7e—- 3G 

CE, —SGy = ZG = 3) 85. 3(x + 4)(x — 3) 87. 5(z + 4)(z — 7) 89. 2a(a + 8)(a — 4) 91. (x — 2y)(& — 3y) 

93. (a — 4b)(a — 5b) 95. (x + 4y)(x — 7y) 97. nonfactorable over the integers 99. z2(z — 5)(z — 7) 

101. b2(b — 10)(b — 12) 103. 2y2(y + 3) — 16) 105. —x2(x + 8)(x — 1) 107. 4y(x + 7)(x — 2) 

109. cle + 20)(c — 2) 111. —4x(x + 3)e—2) 113. (y +x)(y — 8x) 115. (y + 7z)(y — 3z)~—s'117. (y — 2) NS) 
119. 4y(x + 1)(x — 18) 121. 4x(x + 8)(x — 5) 123. 5z(z + 2)(z — 12) 125. 5x(x + 2)(x + 4) 1272 4s) aunt) 
129. pp +8\(p—7) 131. (a-5b)(a—5b) 133. (& + 10y)(x — by) 185. 6x(x — SY +4) — 137. (x + 6)@ — 9) 
139 S86 One te 14 le 2222 OO) 143. k = 6, 10, 12 145. k = 6, 10, 12 147.k =4,6 


SECTION 7.3 


Ue (Geese Iie ap 11) Sayin) (2Viainll) By (Ga) Cae) Tan (De) (2b ieeel)) 9. (& + Ix —1) 

le (Ge = Bs Fe 1D) 13: @ + 2)@t — 5) Selo) (Gon) ATER (Gye) (Ay 18) 19. nonfactorable over 

the integers 21. (2t = 1)Gt = 4) 23. (x + 4)(8x + 1) 25. nonfactorable over the integers 27. (3y + 1)(4y + 5) 
29. (a + 7)(7a — 2) 31. (6 — 4)(3b — 4) 335 (eA) eae I) 35. (p + 8)(3p — 2) 37. 2(x + 1)(2x + 1) 

ae), Sign = WiGiy = 7) Ale xGe—) 5) (25 al) 43. b(a — 4)(3a — 4) 45. nonfactorable over the integers 

Alin 356 60 93) Cortech) 49. 4(4y — 1)(5y — 1) 51. z(2z + 3)(4z + 1) 53a Vex— >) Cua 2) 55. 5(¢ + 2) Cie) 
BH. jaja = SNGyar = ID) 59. 2(z + 4)(13z — 3) 61. 2y(y — 4)(5y — 2) 63, yz@-- 2) (42 3) 65. 3a(2a + 3)(7a — 3) 
67. y(3x — 5y)(3x — Sy) 69. xy(3x — 4y)(3x —4y) 71. (2x — 3)(3x-4) 73. (6+ 7)(5b-2) 75. (a + 8)(2a — 3) 
Tl (eae PE ve ae 8) 79 (2p) Cie 2)) BIG al) (Sy 2) BEY (ee = SGie ae il) 85. (b + 12)(6b — 1) 

87. (3x + 2)(3x + 2) SONCbe 3) (Gb) 91. 3b + 5)(11b — 7) 93. (3y — 4)(6y — 5) 95. (Ga 7) Garano)) 
97. (2y — 5)(4y — 3) 99. (2z + 3)(4z — 5) 101. nonfactorable over the integers 1035 Cz) Cae) 

105. (6z + 5)(6z + 7) 107. & +.y)(3% = 2y) 109. (a + 2b)(3a — b) 111. (y — 2z)(4y — 3z) 113. =( = 7) Ga) 
115% —Co— 1) Geet: 8) 117. 3@ + 5)Gx — 4) 119. 4(2x — 3)(3x — 2) 121. a2(5a + 2)(7a — 1) 123. 5(b — 7)(b — 2) 
125. (x — (y)(Gx = dy) 127. 3(8y — 1)Qy + 1) 129. —(« — 1)(@ + 21) 131. (5a + 7b)(3a — 2b) 

1330-721) (Gs) 135, (Ga + 2)(@ 43) 13/0 oe Oe 139) 6 = 7) ae 


SECTION 7.4 


1. 4; 25x°; 100x4y4 3. Az 5. 9a2b3 Tile + 4) — 4) 9) zn 1x — 1) 11. (4 + 11)(4x — 11) 

13. (1 + 3a)(1 — 3a) 15. (xy + 10)(cy — 10) 17. nonfactorable over the integers 19. (5 + ab)(5 — ab) 

21. (a" + 1)(a" — 1) 235 (s0—6) 4 25. (b — 1)? 27. (4x — 5)? 29. nonfactorable over the integers 

31. nonfactorable over the integers 330 (xe Sy)? 35. (5a — 4b) 37. («* + 3) 39. 7)(e =a 

41, (x -y+a+b)(x —y-—a-—b) 43. 8; x? 27c!>d'8 45. 2x3 47. 4a?b® 49. (x — 3)? + 3x + 9) 

51. (2x — 1)(4x2 + 2x + 1) 53. & — y)@2 + xy + y?) 55. (m + n)(m?2 — mn + n?) 57. (4x + 1)(16x2 — 4x + 1) 
59. (3x — 2y)(9x? + Oxy + 4y?) 61. (xy + 4)(x2y2 — 4xy + 16) 63. nonfactorable over the integers 

65. nonfactorable over the integers 67. (a — 2b)(a* — ab + b?) 69, (x2" + y")(x4" — x2nyt + y2n) 
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Answers to Selected Exercises A21 


71, (x? + 2)(x2" — 2x? + 4) 1, (Can = siiGay = 5) 7K, Gey = Seer = 12) 77. @&? = 3)@2 — 6) 

79. (b2 + 5)(b? — 18) Hl Car = DEY = 6) 83. (x" + 1)(x? + 2) Somme) Cyan) 87. (2ab — 3)(3ab — 7) 
B92 — 15) (ae 1) Chl, (eee = ieee = 3) 93m 2020) (Game) Gin, Baa = BP Sara (Sa anl)) (OG ogee ml) 
99. 5(2x + 1)(2x — 1) 101. y3(y + 11)(y — 5) 103. (4x2 + 9)(2x + 3)(2x — 3) 105. 2a(2 — a)(4 + 2a + a?) 

107. b3(ab — 1)(a2b2 +ab + 1) 109. 2x2(2x — 5)? Ul: (Ge? =e WAGs ese = 5) VIS yey ay) 

115. nonfactorable over the integers 117. 2a(2a — 1)(4a? + 2a + 1) 119. 2b2(3a + 5b)(4a — 9b) 121 2)2G = 2) 
23am ey) Ceeeny) (20042 (2 — 1!) 125. x(x" + 1)? 127, b7Gb — 2)(0-+ 2) 129. The dimensions are (4x + 3) m 


by (4x + 3) m. Yes, x can equal 0. The possible values of x are x > — 7 


SECTION 7.5 


Stade) By teh) ie Oe 7 Gh 0), = 11. 0,2 13. 0, -; Wes ys: 7 SUL, 1 19. 7 f 


7 
721 lee ai 23S Pag teh SE) Ze ee —4 743): 2 e 31 On5 33. 0,4 sky = 3), & SH Mh 
4° 4 3 a 2 
39. 2, =p 41. , 2 AS al Ay =S), =5 Ae at LC) By S Ml, WS), sal Beh, =O, S 55 ie 
3 
Wh, ZS 59. a. = 61. The number is —3. 63. The numbers are 3 and 5. 65. The integers are 8 and 10. 
67. The length is 38 cm, and the width is 10 cm. 69. 18 consecutive natural numbers beginning with 1 will give a 


sum of 171. 71. There are 10 teams in the league. 73. The object will hit the ground 4 s later. 75. The ball will 
be 64 ft above the ground 2 s later. 77. The height of the triangle is 14 m. 79. The width of the border is 1.5 ft. 
81. The radius of the original circle is 3.81 in. 83. The length is 20 in., and the width is 10 in. 85. 1, 18 


CHAPTER REVIEW 

Meas 2x + 7) «([7.1A] 2. 3ab(4a + b) [7.1A] =}, Wale = 7692 se 1) (AN A @—=3)Ge +5) [7.1Bi 
5x + 5)(5x% + 2y) ([7.1B] ( Ca = SOYGE a= hy) (7/13 7b — 3)(b = 10) 7 2A) 8. (c+ 6)(c + 2) [7.2A] 
Sy — 4)(y + 9)_ [7.2A] (OS (Cao) (Gen) meee) Aiea (Goe 6) Catal en eS 12. n2(n + 1) — 3) [7.2B] 
13. (2x — 7)(3x — 4) [7.3A] 14. (6y — 1)(2y + 3) [7.3A] 15. nonfactorable over the integers [7.3A] 
16mex.—2)(x— 5) (7.3B] W/, Qa 4 SG = i2) |S} 18: (6a =5)Ga + 2) (7.3B] 

19. (xy + 3)axy — 3) [7.4A] 20. (2x + 3y)? [7.4A] 21. (x" — 6) [7.4A] 22. (4a — 3b)(16a2 + 12ab + 9b?) [7.4B] 
Zam exe + 2)(5x2 — 3) [7-4G] 24 icty= 3) x=) 4G) 25. 3a2(a2 + 1)(a2 — 6) [7.4D] 


26. : and —7 [7.5A] 27. —3and7 [7.5A] 28. The length is 100 yd. The width is 60 yd. [7.5B] 


1 Soa ake 
29. The width of the frame is ; Th, Gye 11.5) Wim, Ole 15 may, (P7583 30. The length of a side is 20 ft. [7.5B] 


CHAPTER TEST 

49 + 6)a~—3) [7.1B] 2. 2y2(y + Dy — 8) [7.2B] 3. 4(x + 4)(2x - 3) [7.3B] 4. (2x + 1)Gx + 8), 173A] 
5. (a—3)a— 16) [7.2A] 6. 2x(3x2—4x+5) [7.1A] 7. (@+5)(x—-3) [7.2A] 8. > -; [7.5A] 

9. 5(x2-— 9x — 3) [7.1A] 10. (p + 6)? [7.4A] 11. 3and5 [7.5A] 12. 3@ + 2y)? [7.4D] 

13. (3x — 2)(9x2 + 6x +4) [7.4B] 14. 3y2(2x + 1)(e +1) [7.3B] 15. (2a? — 5)(3a? + 1) [7.4C] 


16. (x — 2)(a +b) [7.1B] 17, (pte ee seal) * 7788] 18. 3(a + 5)(a —5) [7.4D] 19. nonfactorable over 
the integers [7.3A] 20. (x + 3)(x — 12) [7.2A] 21. (2a — 3b)? [7.4A] 22, (20 - I) Qe — Ty) [7.4A] 


23. : and —7 [7.5A] 24. The length of the rectangle is 15 cm, and the width is 6 cm. [7.5B] | 25. The numbers are 


Siand 7. [7.5B] 


A22 Chapter 8 


WIGLATIVE REVIEW 


Glee HC 2A Al 3. —7 [1.4A] 4. 15x2 [1.4C] 5. 12 ([1.4D] 6. = [2ae| 12 {2.2B] 
Sasa Je G25) 2 ip 10. 1 [4.2A] 11. : y 
; 
2?) 
Ee [4.3] [4.3B] 








2 
13. y= 3% + 6 [4.5A] 14. (1,6) [5.1B] tes (=i, =2)) [SQN 16. 9a°b* [6.1A] 17. x2 — 3x2 — Ge Cellos 


y° 


(les Bie sp) Se [6.4A] 19. a [6.1B] AY, (i = (NG = sa) (7A) Ail, Suey) = 2h) I siWAT 





AL 
Be = 3 
2 5 
22 oly) Conte) ne) 23: = and —7 [7.5A] 24. 5 and 4) [725A 25. The third angle measures 59°. [3.1C] 
26. The width is 15 ft. [3.2A] 27. The pieces are 4 ft long and 6 ft long. [2.2D] 28. $6500 was invested 


at 11%. [2.3C] 29. The distance to the resort is 168 mi. [2.3D] 30. The length of the base of the triangle 
ie PA sem, | SMBs 





TAA 





OS 


| Answers 


Res 


Chapter 8 Selected Exercises 


sami on cenna ance 





0 


PREP TEST 





i SIO) |El ist Ze -2 [1.2D] 3. -; 1D) 4. - LAC] 5. an [1.2C] 6. [1.4A] 7. 22a 


















































24 24 a 
10 | 
8.— [2.2C] 9. 110 mph, 130 mph [2.3D] | 
SECTION 8.1 
3 1 2 3 a 2 y= 2 x+5 x+4 
3.— 5. - — 11, -— - 15%-— 17 19. 21. 
x rear o} i oe. 4x ue ? x Se) Pi a ae a = “S) 
x+2 2(x + 2) 2x -— 1 x+7 35ab? 4x33 3 
20 SS i PAS) = Sie Ste} sia = “Wh ler 
Pra: C3 ee r+ 6 24x2y 3a 4 
x*(x — 1) ance = 1) x+5 ig = 10) x(x + 2) x+2 
a . =) s 48. -ab?— 45. 47.1 49. -——— 51, =~ __ 53. - 
y(x + 3) ey ee “x44 wet 2G = 1) x—6 
a ae 3y? ee ae = + 6 
pea uM cab tod ten oie Soe ok Oa est AED tered aceon SS ee 
ci 12 40bx 3 2 wae ce 2) y(x — 6) ax (je + 7) 6) 
x+8 2n +1 i = 7 8 
‘hee eR : 1. — cP al 
je ei i 3 n+ 3 8 3y g 


SECTION 8.2 

1. 24x3y? he SiO pene 5. 8x2(x + 2) 7. 6x*y(x + 4) 9. 36x(x + 2) 11. 6(x + 1)? 13. (x — 1)(x + 2)(x + 3) 
15. (2x + 3)*(x — 5) We tea alee — 29) 19. (x — 3)(x + 2)@ + 4) 21. @+4)@ + De = 7) 

23. (x — 6)(x + 6)@ + 4) 25. (x — 10)(x.— 8) + 3) PA ey (Gn PM Con 7 ON Geos A) 29. (x + 2)(@ — 3) 











5 6b 15y? 14x 
WR ee sha eal Sos “ Sy — es ao eos : : 
(ce Stee a Ste 3) ZI Ae 6)” 5 re Re 18x) 18x2y 
ay + 5a __ 6y ay Tae ay a ale —b’*y rate sya ei z 
INS Fae ey “By ae TION Sp GPF Vp 4) Y MAL Geey} Se (go 7)’ | “Grae 
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Answers to Selected Exercises 
























































2 2 3 3 = 2 2 ae. 2 
a7 y : 49. x 4x : 22 xe 51. She~ ap I Spe 4 
Valve) wi = 3) (2% — 1)@ + 4) (2% — 1)\(@ + 4) GS) Ga) (~ = 5)(@ + 5) 
x-3 6x — 4 x = 1 x? — 3x 11 7 
53. ; 55. ; == = 
(3x = 2)@ + 2) (Gis) Cee) (+5)@%—3)@+1) @+5)@—3)@ + 1) Zi y? Ba x+4 
8x 5S ietak Use = 5) = oye = a) 1 1 
6 eee SS ae Rae i, 
Deo ass) x= "3 52.55 9) Pe = UI fese 5 78 = 19) 2a = 15 
7b + 5a iil (Ui WAV) a= 759 21b + 4a 14x + 3 oS a 
hy, SS il, == == co), —= += oh, SS ; : = 
ab 12a 12y 20y? 12ab oS 12x : 6x 7: 36 
—3x? ="11x — 2 6x? + 5x + 10 2x? + 2 
Sh <= seer aa 97. a — ud 101. Biel 103. pl ce Ee 
3x 6x xt+1 Suey 
Demian 2y +16x" + 3 se Oye ae 
105, 19% y as a Be 107. BV OF. a 14x 109. Ore =e 2 111. AGe ae 28), 
12x*y 24x“y (Ce) Cie) (= 7)@ + 3) 
2x* — 5x +1 Ax? — 34x +5 2a —-5 4x +9 —x +9 
1 ——— hh = Wy == SS A SS = 
Cone) (ca S)) (Zig) Cor—16)) a—7 (Cone) Coun) (x + 2)(x — 3) 
8y Shs = Wy 11 =x 1 ae ae w= 2 
230 25. 127, ————— 129, (EM, == ; 
(y + 2)? Glee V) (a — 3)(a — 4) (x + 2) — 5) x+5 x+4 
4(2x = 1) SLO 4 3 1 1 19,200 96,500 
sf SS 137a. —+— b. = + — : — 139a, ———_ . 
(x + 5)(x — 2) yn ax b> ab Tee Gee za x coll cus 2 x(x + 5) SOLES 
c. $128 
SECTION 8.3 
x 2 war 3 A Qe se 1133) es D) = © ee 2 
3}, = 5 So F = 5 = 
r= 3 3 yea 5x + 36 se ars ay ea 
7 1 = eel Jas Ah Bz ral iF i 
2x =o x+5 “x -—8 “2y +1 2x -—5 4x — 3 ” 2(5x — 2) 
+ 
aie 335 2 exes). 
3 ze = il Xp = 2), 
SECTION 8.4 
1 1 
1 Ir) =), ofl 5. 9 He Al 9. 4 11. 1 e =3 15. 5 17. 8 19. 5 21. —1 2355 
3 
25. The equation has no solution. 27. 2,4 29. as 4 Siles 33. 4 379 39. 36 41. 10 43. 113 
45. —2 47. 15 49. 4 51. 6.7 cm 53. 2.9m GR}, DD) iit 57. 48 m? 59. 6.25 cm 61. 6 in. 
63. 13 cm 65. The height of the flagpole is 14.375 ft. 67. The width of the ravine is 82.5 ft. 69. 20,000 voters 


voted in favor of the amendment. 
280 ml of soft drink. 
79. The person’s height is 67.5 in. 
player made 210 shots. 














SECTION 8.5 
2A d PV Te DAW 2A — hb 
h=— = — _T=— A= 905 12.2 

ae ea 7b : ; 

A S — 2dr? : ; 
15. P= ie: WO i rome San = Se ae b. The height is 5 

F + BV 
21a. S= B b. The required selling price is $180. 


71. There are 175 mi between the two cities. 
75. It would take 18 min to print a document 45 pages long. 


81. The first person’s share of the winnings is $1.25 million. 


























73. There are 160 ml of water in 


83. The basketball 


3V 


h=— 1350S =@ Ri 
11 i 


in. c. The height is 4 in. 


c. The required selling price is $75. 


A23 





77. The window should be 40 ft?. 


A24 Chapter 8 


SECTION 8.6 


1. It would take 2 h with both sprinklers working. 3. It would take both skiploaders 3 h working together. 

5. It would take 30 h with both computers working. 7. It would take 30 min with both air conditioners working. 

9. It would take the second pipeline 90 min to fill the tank. 11. It would take the apprentice 15 h to construct the wall. 
13. It would take the second technician 3 h to complete the wiring. 15. It would have taken one welder 40 h to com- 


plete the welds. 17. It would take one machine 28 h working alone. 19. The rate through the congested traffic is 


20 mph. 21. The rate of the jogger is 8 mph, and the rate of the cyclist is 20 mph. 23. The rate of the jet is 360 mph. 


25. The rate of the runner is 8 mph. 27. The rate of the car is 48 mph. 29. The rate of the wind is 20 mph. 
31. The rate of the gulf current is 6 mph. 33. The rate of the trucker for the first 330 mi was 55 mph. 35. The less- 
experienced helper can complete the job in 30 h. 37. The bus usually travels 60 mph. 


SECTION 8.7 
3. The profit is $80,000. 5. The pressure is 6.75 lb/in?. 7. The object will fall 1600 ft. 9. The ball will roll 54 ft in 


3s. 11. At a rate of 65 mph, the time to travel between the two cities is 4.2 h. 13. The pressure is 112.5 lb/in?. 
15. The repulsive force is 80 lb. 17. y is doubled. 19. inversely 21. inversely 


Me fe Vie WW 





























by Toe se 22 = ao 2a" 
os : , GL : ; 1 AA 5 Se RIN 
fgg, PEEL 2 agg HEADS ab 5, age Wa ge ee 
(3y — 2)? by? x 
6. .4B te SSS all 8. 1B GC), Ss SVAN 
62 [8.4B] = 1G [8.1C] Saxe [8:18] pu «(F83Al 
3x* — x 24x? — 4x? T — 2be 
10. , ABS 11.a= 8.5A 12.2 [8.4A 
Gil SG = Dera CoRncnees =D Oba oe ae eee) 
100m : : 1 PSY) — SS 
isac— “at {[8.5A] 14. The equation has no solution. [8.4A] 15. = [Sete] 16. Sy —7 [8.2D] 
1 4 8x + 5 
fe [8.2C] 18. (5x — 3)(2x — 1)(4x — 1) [8.2A] 195) = —— 02) (8-DAY 20. e {8.1B] 
Fes et) 9 Shee 


21.5 [84A] 22, 2— 
n> 

ABC is 24 in. [8.4C] 26. It would take 6 h to fill the pool using both hoses. [8.6A] 27. The rate of the car 

is 45 mph. [8.6B] 28. The rate of the wind is 20 mph. [8.6B] 29. The pitcher's ERA is 1.35. [8.4D] 

30. The current is 2 amps. [8.7A] 





[8.2D] 23. 10 [8.4B] 24. 12 [8.4B] 25. The perimeter of triangle 





Dee 2t7'5 x+1 (x — 5)(2x — 1) x+5 
1. F3 (1A 2-F > (BtAl 3. Som BIB] 4 Cae as) [8.1B] 5. ——~ [8.1C] 
. ee ee ee 2 
6. 3(2x — 1)(« + 1) [8.2A] Ta reo De = ON ee PG 2D) [8.2B] 8. Ta5 {8.2C] 
5 x*-4x4+5 x= 3 , 
9. (Qe = 1NGe+ 1) [8.2D] 10. G2) +3) {8.2D] nhs roeens [8.3A] 12a [8.4A] 13. The equation has 


no solution. [8.4A] 14. —1 [8.4B] 15. The area is 64.8 m?. [8.4C] 16.44 = cs [8.5A] 17. 14 rolls of 


wallpaper are needed. [8.4D] 18. It would take 10 min with both landscapers working. [8.6A] 19. The rate of the 
cyclist is 10 mph. [8.6B] 20. The resistance is 0.4 ohm. [8.7A] 
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Answers to Selected Exercises A25 


CUMULATIVE REVIEW 








31 
1. 30 [1.3A] 2a tees A }, See = yp (LB A Cee OMe. DI 5. -; [2.2A] , =12 (2A) 
TOM 2 | 8. [x|x = 8} [2.4A] 9. The volume is 200 ft3. [3.3A] 10. y 
at 
{4.3B] 
3 


3 5 
[4.2A] 12. y= ae +2 [4.6A] Ves, =28 [Savy 14. asb’ [6.1A] 15. Fe [6.1B] 


iGo 10 ([6.1C] AC Od. 2a Ono All 12, @F a2 ala = NAO 16.3), 195x254, 24,4 [6.4B) 
20747 —6)(y — 1) [7.2A] 21, 4x4 1)Ge— 1)” [7-s3A/73B) 22. a(2a — 3)(a + 5) [7.3A/7.3B] 


Dae —2 
Dah 5) — 5). [74D] 24. -3 and 2 [7.5A] 25. a [8.1A] 26. re 3 1Al oe) 27. de3.tC] 
28 aa [8.2D] 29 ae [8.3A] 30. 4 [8.4A] 31. The alloy contains 70% silver. [2.3B] 
ES SEVCEED ; - 545 ; : : y 0 : 


32. It would cost $160. [8.4D] 33. It would take 6 min to fill the tank. [8.6A] 





PREP TEST 


1 PAE) 
TMI OIk 2832 (12E|6* 3.9 [L2D]) 4.55 [1.20] pe8) she — Lep(14D) Be (6.1B] 


7. 9x? —12x+4 [6.3C] 8. —12x?+ 14x +10 [6.3C] 9, (36%? =i [63D] TKO, =i, IS (U7eveNl 





SECTION 9.1 
I 343 1/12 712 

12 2h Dy 5. 9 7. 4 9. (—25)°” is not a real number. 11. Ds 135% 15. yl? 17. x 19. a 

1 1 1 a bs 
2H). = 23 25. 22 27, = 29. -3 31.4 33. «3/10 35. a? 3). 5 39. y 41. x+y 

a y i eG XK 5 

ee se 1 1 1 m? an 

43 Booed 45 ro 47. 1/4 49 ye 51. x2 53 5/2 55. be SW), GPa 59. eeD 61. a 


Soe «= 5. yy: 67.a a? = 69. x 71 273. 882975. x? 7, x?myh 79, ay 
a 


op 

97. 1442 99. x3 101. x43, 103. B35 105. (2x2)"8 = 107. —(3x5)!2 109. 3xy23 111. @2 — 2)2 113. x8 
115. —x4 117. xy} 119. —x5y 121. 4a2b® 128. V—16x4y? is not areal number. 125. 3x3 127. —4x3y4 
129. —x*y3 Wel, BaNe HBL sbqye 135. 2ab? 137a. false; 2 b. true c. true d. false; (a” + br)! 


Bease ge 2a'2b'? +5 f. false av” 





81.°73 83. Va 85. V32e- ~87.-20/x2 89. Watb? 91. 93. W(4x — 393 ~— 95. 


SECTION 9.2 


1. x2yz2Vyz_ 3. 2ab*V2a SS. 3xye?V/5yz_—Ss 7. V—9x3 is not a real number. 9. ab?Wab? 11. —SyWVxy 
13. abc?Vab? 15. 2x2yVxy 17. -6Vx 19. -2V2_—-21. 326 + 535-28. —2xy'V2y 
25. 6ab?V3ab + 3abV3ab 27. -*/2.—s 29. 8bW2b? = 31. 3aW2a S33. 17V2- 15V5 35. SHV 


A26 Chapter 9 


37. —8xyV2x + 2xyVxy 39. 2yW2x = 41. —4abV/2b- 48. 16 45. 2V4 AT. xy?Vx AD. xy Vx 
51. 2x2y V2 53. 2abW/3a2b 55.6) 57. x -— V2x 259. 4x —8Vx 61. x — 6Vx+9 63. 84 + 16V5 




















= : — V2 
65. 672x2y2 «67. 4a3b3 Wa 69. -8V5— 71. xy? =o 73. 12x -—y =o 77. yV5y— ss 79. bV'13b-—81. By 
V3y 3a 2y 5V3 Woy? bV 2a V15x 
ER ES Oe Peon eer ny Bk IY ope 
3y a 3 3y 2a See 
-12-4V2 + 5V7 7Vx + 21 = = = 17+ 5V5 
99. ee 101. eee A 103.22 105 = 6 a 10 se 
7 3 52 =) 4 
— 10Vab + —~7Vy +2 = 
109. Es — - Su) 111. see 113a. false; £/432 b. true c. false; Wx? d. false; Ve + Vy 
= — 4y 


e. false; eee a f. true 115. Va +b 


SECTION 9.3 


3.9; BTN? 97. 31V3 984 er” 11.1273 = 3 2” 1B 4AV10 = iV 15.8 Se 17 eee 
19.6-—6: 21.19 —7iV2 23. 6V2=37V2 25.63 27. =4 29: =-3N2. 931, =4 2127, | 32 
eal 108 a2 (lg) 

it ne tee ; oe ee 2 ee sts ae 

35. 17 =i 37. Bh 2H) 699..1 8 41, 1 48. — 3 AB ed WEATAe eet 40 oe 
V5 ONS 3 et 6. 2% 

et Pees a) Stet : : 
53 5 5! 5 102 100 57 515! 59a. yes b. yes 
SECTION 9.4 
1.25 3.27 5.48 7.-2 9. Theequationhasnosolution. 11.9 13. —-23 15. -16 17. : 
19-14 21.7 23.7 “25. =122 27.35 29.=5,=22 31745 — 33: 23. 935) =4)9 "937,410 eee 
41.3 <1 AZ 21 ae > AT.AS@ 549) = 34 051.468 (53-0 1 (55822 208 578s eso oe 


61. The width is 6 ft. 63. The bottom of the ladder is 10 ft from the wall. 65. The object has fallen 2500 ft. 
67. The periscope must be 8.64 ft above the water. 69. The length of the pendulum is 4.67 ft. 71. The distance 
is 180 m. 73. The HDTV screen is 7.15 in. wider. 75a. 2, —2; integer, rational number, real number 


b. i, -i;imaginary _¢. 16; integer, rational number, real number —- 77. a = Ve? — b? ora = —Vc?—b? 79. x = V6 


CHAPTER REVIEW 
1. 20x42 [9.1A] 2.7 [94A] 3.39-2i [9.3C] 4. 7x%y [91B] 5. 6V3-13 [9.2C] 6. -2 [9.4A] 








Vv _ xVx — xV2 + 2Vx — 2V2 
Fie 191A 3, [9.2D] 9. —2ab4 [9.1C] 10. 2061/26 [928] 11. ———— <3 = [9.2D] 
Ae "y = 
12. <- >i [9.3D] 13. 3ab3>V2a [9.2A] 14. -4V2+8iV2 [9.3B] 15. 5x°y?W/2xy [9.2B] 


16. 4xy2 Vx? [9.2C] 17.7+3i [9.3C] 18. 3x3 [9.1B] 19. —2ab?V/2a°b? [9.2A] 

20. —2+ 7 [9.3D] 21, —6V2 [9.3C] 22. 30 [9.4A] 23, 3a%b>) [9:1C] 24. 5iV2 [9.3A] 

25. -12 + 10i [9.3B] 26. 31—10V6 [9.2C] 27. 6x2V3y [9.2B] 28. The amount of power generated 

is 120 watts. [9.4B] 29. The distance required to reach a velocity of 88 ft/s is 242 ft. [9.4B] 30. The bottom of 
the ladder is 6.63 ft from the building. [9.4B] 


CHAPTER TEST 


l == — 
1. 5x" [9.1B] 2, —2x*yW2x [9.2B] 3.3Vy? [91B] 4.18+16i [9.3C] 5. 4x+4Vxy+y [9.2C] 


6.6 [91A] 7.4 [9.4A] 8. 2xy2 [9.1C] 9. —4xV3 [9.2C] 10. -3+ 2% [9.3B] 11. 4x’y3V2y [9.2A] 
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Answers to Selected Exercises 


12. 14+ 10V3 [9.2C] 13. 4 [9.3B] 14. 2 [9.2D] 15. 8aV2a [9.2B] Os Zor = Walley = ilsyo) XC] 


64x3 + Vxy NS] 3 
7. [91a] 18. as oe Din 19. Se yetelocDi20 3 (9.44) 21. _ (9.1A] 
p= a 





“ 4 2 
22. 3abe?Wac [9.2A] 23. oa [9.2D] 24. —4 [9.3C] 25. The object has fallen 576 ft. [9.4B] 


CUMULATIVE REVIEW 


3 
192 SAM Ze Ome eA 3, lke 42 il (fil) 4. 5 [2.2A] 5. : 22), 6. [x\x> 1) [2.4A] 
Ae 7. ; 
Ds 3°73 [2.5A] Suix|- O= 2 = 3)" (258) 9. The area is 187.5 cm?. [3.2B] 10 see lS SA 
1 7 
11. m= 12. 13. y= Be a a [4.5B] 


WwW h]w 








[4.3B] [4.7A] 


14. (2. 3] [5.3B] 1 ety [S118 16. (9x + y)(9x —y) [7.4A] 1), HEF ar Bee se Wee = iD) AID 


A27 


18.C=R-—nP [8.5A] 19. si [OtAl e208 —=4V 10, (926) © 21.132 773 [92C)] 922) V6#\ [92D] 


i 3 
23; a. + 5! [9.3D] 24. —20 [9.4A] 25. The length of side DE is 27 m. ‘[8.4C] 26. $4000 must be 


invested at 8.4%. [2.3C] 27. The rate of the plane was 250 mph. [8.6B] 28. It takes 1.25 s for light to travel to 


Earth from the moon. [6.1D] 29. The slope is 0.08. The slope represents the simple interest rate on the investment. 


The interest rate is 8%. [4.4A] 30. The periscope must be 32.7 ft above the water. [9.4B] 





Answers to Chapter 10 Selected Exercises 


PREP TEST 
=H 
==> 


PmOverme )(s4—2) 7.4/4} 8. ttl} SCL. CC] 95 —3,5. [7.5Al 10. 4 [8.4B] 
-5-4-3-2-1012345 


[8.2B] 4.8 [1.4A] 5. yes [7.4A] 6. (2x -1)? [7.4A] 





2 
Mev (12F] 2. 3: (9.3A] 3. 


SECTION 10.1 


3. 2x7 — 4x —-5 = 0:4 =2,b=-4,c=-5 5. 4x*— 5x +6=0:4 =4,5b =—5,c =6 7. 0,4 9.5,—-5 


| 1 ae 


3 
a . . = i . Fr Mommy —4 7H , 
11k Sh 2 13. 3 15. 0, D lide By, 2 19 2, iS) 21 6, 2 23 De 25 a 2 8 





b 
29. > -4 31.9,-2. 33. -2, -- 35.2,-5 37. -4, -; So Eile Miao. | 43.7.8 


45. 4a, = ian’ foe en ee ne Tipe) Shae + 6x + 8S 


57. x2 — 5x —-6=0 59. x* —9=0 61. x2 — 8x + 16=0 63. x* — 5x =0 65. x2 — 3x =0 


67; 2x7 — Tx + Be=0 69. 4x2 — 5x -6=0 Th; She? sp Wes se KO =a) 73. 9x2 -4=0 Iky Cree ye sh il 0) 


Tk NWOke Fee = (=O TE), Che ae (eyes ila) Simo Uc a Zot <0 CEE 16, il Sea ot A = 


A28 Chapter 10 


9 = = = 
89. 5, 3 91. 7i,-7i 93) 43, -4V73. 895.593, 53 997.3772, —31972" 99.17, —5.7 9107 ee 


= = A/ D2 + OF 
103. -7,3 105.1,0 107. -5+V6,-5-V6 109. 3 + 3iV5, 3 — 3iV5 ip eee Bee 


2s) Si) 1 
113. x2 -—2=0 115. x2 — 18 =0 he, SS = = 119 
a a 2; 


SECTION 10.2 


25 Sy eel bu), il Uo 3 Ch HZ ae Wilt, 2 — WY hil 11, 34V2,3 =V2 (63 i sit, il a 15) SiS 


EWS. 3/5 oy VG pee G 


7. 4=9 ) 49) 23, 3 V13,3= -V13 . 25.553) 27.2 3a 














D 2 D 2 
- Hel? toa 1g 
DO. Buti) = 37), ee ei a) ese 5 D ; 35. 1+ 2iV 364 = 273 
ee eae 1d ea ee is 2214 2 14 3 1 
Hie = et a fh eee peer Sh wee 
a1 hig a 39st ga! 4 3 A 43. 1,-5 45.1405, 0-V5. AT 


49. 2+4+°7/5,2=/5 51) 1.236,=3.236 53. 1.707, 0:293° 75570309 —0.809° © S721 =a — 2 
59) 4 = 20% =. 








SECTION 10.3 
=p Was =o = VW 3F sil 
3. 5$=2)| (Si45=9 B74 49222 4 2/22 099. BS) 3 17: : an 2 i 13.5895 
1+V3 1-V3 
15. 7+ 3V5,7=3V5 7S (eh alse iy Sl Ah, dae Piz il = ah 2302 el eo nor 
1+Vi1l 1-Vil Se eee el Swe. ha 

2) Ys PSsr Se i Se SS Se 1. 7.606, 0. ei, (0), —4.236 

5 , 5 2 5 5h 5 a" 29 A 4 a yi t 3 606, 0.394 33; 0236) 
iy isso ileal 37. two complex number solutions 39. one real number solution 41. two real number 


solutions 43. {p|p <9} 45. {p|p > 1} 47. iand —2i 


SECTION 10.4 
103 p= By 22 WB V2 AN 2) Dy 2 Bh Lye 76k WO nDin= 2 Ae Ie el adi Ae 


ibe ih aly 17. z ate Lt ik 3 72a SD) 2302 al (Aas Oy, 2 ls 2 -; Pda), 02 3151 33. | 





Be) 
7, aig oe ee z 4 
5 = ; = ‘ 4° === 5 ile a sa =s (Wh, ==, 490s 
Sib =, 7h; NO); ll 39 5 5 i 5 5 i All 3 A370 ill 45 a as 7 3 3 
1 
oy 5) 
r 3 53. 4 
SECTION 10.5 
1. The height is 3 cm; the base is 14 cm. 3. The dimensions of Colorado are approximately 272 mi by 383 mi. 
5. The maximum safe speed is 33 mph. 7. The time for the projectile to return to Earth is 12.5 s. 9. The maximum 


speed is 72.5 km/h. 11. The smaller pipe requires 12 min. The larger pipe requires 6 min. 13. The rate of the wind 
is 108 mph. 15. The rowing rate of the guide is 6 mph. 17. The radius of the cone 1.5 in. 


SECTION 10.6 
3. tt Ofte <2 re 8) 5. (le el ore a2) 
Bt fey ec | Lip Oe ic los ey adager st (ue, Alaa 


ToS ix|-3 <x <4) 9, ee Oi < —2 or 1 << 3) 
~§5-4-3-2-1012345 -5-4-3-2-1012345 
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Answers to Selected Exercises A29 


11. (x|-4 =x = 1 orx = 2) 13: (x|x < —2 orx > 4) 
-5-4-3-2-1012345 -5-4-3-2-10123 45 

oe ee [xJ—-1 <x = 3) 17. (xin =2 or =x = 3} 
Pe=4-3-2-1 6 123 4.5 2542322510 £ 23.4 5 


19. (x|x > 4 0rx < —4) Zales =x = 12} 748). (> 





1 3 
p<x<3| 25. {zlx <1 orx> 3} 


1 
teysi| 31, (42 = 7 )= 3) Sa.0kice Sor 4 = 1} 


J 


2Ziaixix = —lor i <x = 2) 29. (3 





35. +++4 4+-+4-++4++4+ + 37. +++ +++ +++ + —«COS'DDe + + + J GG HH GH 


==) = 2, 0 2 4 =4— 2 0 zZ 4 —4 2 0 2 4 








3 ee! 
1. 0,5 MmOeTAl.. 2: i, meet 0. tA) 903.43, 4,38 (101M 24. =F +2, -5-2i [10.1C] 
the wa ara a ae i SVATEE CR icy 
he-3,-1 [10.2A 6. ; 10.2 ee ge oe = é 
[ ] = 5 [10.2A] th ae [10.3A] OS re =i [10.34] 
9. x27+3x=0 [10.1B]) 10. 12x2—-x-6=0 [10.1B] 11.1+%V7,1-—iV7 [102A] 12. 2i,-2i [10.2A] 


fey 73. it — 73 











13. << [10.3A] 14. two real number solutions [10.3A] 15. {ri-3 <n << ;| {10.6A] 
3 
16. {ss = —4or 5 < 2| [10.6A] 17. 27, -64 [10.4A] 18. — [10.4B] 19. -—1,3 [10.4C] 
20. —1 [10.4C] 27, pt ttt + SOC*[10.6A] 22. [10.6A] 
ssoMeganel () a 2 & 25 Haga (ull 2 a) 205 
3 1 
{x|x <3 orx = 2} {zrlx=-30r5=x<4| 
—3+V249 -3 - 249 —11+V129 -11 - V129 
23. 4 [10.4B] 24.5 [10.4B] 25. 10 3 10 {10.4C] 26. 5 : 5 [10.4C] 


27. The length is 12 cm, and the width is 5 cm. [10.5A] 28. The three integers are 2, 4, and 6 or —6, —4, 
and —2. [10.5A] 29. Working alone, the new computer takes 12 min to print the payroll. [10.5A] 30. The speed 
of the first car is 40 mph. The speed of the second car is 50 mph. [10.5A] 


CHAPTER TEST 


2 2 
1. 3" —4 [10.1A] 2. =, arc [10.1A} 3x = 0 (1041 Bi Aw2x? 4 is A= 0 [10/13] 








= = — BEEN 15 eae 15 
fee? 2-22 [10.1C] 6.3+V11,3—Vil [10.2A] 7. ae 5 [10.2A] 
+ — — 
8. : MS |= V3 (10.3A] 9. —2 + 2iV2,-2—2i%V2 [10.3A] 10. two real number solutions [10.3A] 


1 =. _ 
11. two complex number solutions. [10.3A] 12. 4 {10.4A] 13. 1, -1, V3, =\/3 [10.4A] 14. 4 [10.4B] 
15. The equation has no solution. [10.4B] 16. 2, -—9 [10.4C] 


ieee = —4 or 2 < x < 4) [10.6A] 
-5-4-3-2-1012345 


18. {z|-4 <a 3| [10.6A] 19. The base is 15 ft. The height is 4 ft. [10.5A] 
2 SGekeg oak hetns. 4.3 


20. The rowing rate of the canoe in calm water is 4 mph. [10.5A] 


CUMULATIVE REVIEW 


7 
Teele (ell) 7), {rl-2 <x< | (2.5B] 3. The volume is 547 m3. [3.3A] 4. 75 [4.2A] 5. = (4.4A] 


A30 Chapter 11 


6. 5 0) (0, -3) [4.3B] 7.y=x +1 (4.68) Gk (Cl, =i, 2) (2183) 9. 





[5.5A] 





10. The height of triangle DEF is 16cm. [8.4C] ih #2 = Se = 4) = [6.4A] 125 —Sxy G2 > 2xy 4 oye) eee 


Sawa 
x 3 2S — an 

13. (2x — 5)(3x + 4) [7.3A/7.3B] 14. 5 [8.1B] 15. ~> and ~1 [8.4A] 16.b= eae [8.5A] 

17.1-a [91A] 18. -8— 14 [9.3C] 19. 0,1 [9.4A] © 20. 2,—2,V72,=V2 [104A] © 21) The lower imme 


25,000 


; The 


Spe in. The upper limit is ine 256 22.=The area is (x2 + 6x — 16) ft2. ' [6.3E] 23. The slope is — 


building decreases $8333.33 in value each year. [4.4A] 24. The ladder will reach 15 ft up on the building. [9.4B] 


25. There are two complex number solutions. [10.3A] 
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INTERMEDIATE ALGEBRA 


Seeog DENT S@LUTION MANUAL 


SAP Te RS 6-10 





Introductory and Intermediate Algebra 
Student Solutions Manual 


Chapter 6 Polynomials 142 
Chapter 7 Factoring G2 
Chapter 8 Rational Expressions 196 
Chapter 9 Rational Exponents and Radicals wey 


Chapter 10 Quadratic Equations 255 


Chapter 6 





Polynomials 
Prep Test : 
1 -2-C3)=-2+3=1 2, -3(6)=-18 3. 1 24e 2 4, -4(3y)=-12y 
—36 3 
3. Sa eee 6. —4a-8b+7a 7, 3x-2[y—4(x+1)+5 8 —-4y+4=0 
Saag re ates ee See ey fees 
=3x-2[-4x+ y+]] 
=3x+8x-2y-2 
=llx-2y-2 


Go Figure 


ze 





ESS 





Since the other three smaller rectangles are of different sizes, the possible values for x cannot be the same as any of the three other 
rectangles. 
The first possible value of x is 1. The lengths of the sides of the rectangles are shown below. 
es} 


1a] 
2 
The second possible value of x is 4. 


The first possible value of x is 4. The lengths of the sides of the rectangles are shown below. 
23 


ce 
2 
The third possible value of x is 9. The lengths of the sides of the rectangles are shown below. 
23 


1 


~ Section 6.1 








Obdjective A Exercises 


SSCHSHHSHSSSSHSSSHSSSSOSSHSHHSHOSHSSSSSHSSECHOHCHSHSESEEEES 


1, a is the multiplication of two exponential expressions. 3. (ab (a °b) =qh4 
b is the power of an exponential expression. 


S (9xy?)(-2x7y?) = 18x y 4 Te xy t\axty 9, (-3x?y3)' =(-3)'x 8y 2 = 81x 8y? 
11, (30%?) =36a'5 = 7290" 13, (x? May)=(ev2ey") a8, (Ge) =Gx) = 3548 72988 
: =% Sam aU 
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Section 6.1 143 


17, [(ab)*]’ = (@b)'® = a5 19. [Qxy)°] =@Qxy)2=2"%x yan. [2a‘03)'f = (2a4b3)” =25a%*p'8 
= 4096xy = 64a24p 18 

23. x” ay ttl =x ttn =x 2ntl # 25. y 3n y 3n-2 sty, Uae ay, 6n-2 27. (a Ae Se a” -3)2h _ gin-6n 

29. (x oy, = x 3n+2)5 _ , 15n+10 31. (2xy \(-3x 2y2)(x 2y, 373) = 6x Sy 524 33, (3b 5\(2ab >\(-2ab 202) Spr 

ahe (-2x 2y 3z (3x 295 4 i= —6x ty 425 37. (-3ab)°(-27ab)° = [oy a*b° [(*fa'e?] 


= (-27a°b’)(16a*b?) =-432a"b"! 


39, (-2ab?)(-3a4b®)’ = (—2ab?)[(-3)'a!7b'5] 
= (-2ab’)(-27a'7b'*) = 54q)3p!7 














©0000000000000 0000000000000 000000900800000000800000008 Objective 133 Exercises 
3 yh 2) -2 
aes = 24343, —p-y? as, gd tes ogg ell ae 
3 y 4b? 4 y 2x" 2 (2y) 3 
1 
YY 
y? 1 ( 3 a= 6810 x4y3 ab a’ 
s3, Yo iy 3) 55, (x*y*) =x “y 7g ta nye 59, GON 8, 9 9 
wie vie 1 Key ab b°? 


xy 10 


GL. Gay Cat)? = Gay %(Start)* =(8a Ya") = Fat 6. (ety 7(a2y 4)? ay Yarty Marty ade 











ees ig 
3’a_ =2187a 
sae (ig eee 
bavi x? lax4y 2x? 
Gomeetb) _ -3ab* 30d? mm. (l2e3y2z)\ fax? VY  2tx® .  16x* 
(ab)? 9°a°b —729a°%"? —243a°b™” Te p\ayz?)  3tyte™ sty 2 
3 
Fee?) Sab? 270%? _ 30° 75, (-3a7b*)  (-3y'a%bS —9a%bS a 
(-6ab3)’ | (-6)'ab* = 360° 4b (-2ab4)’  (-2)°a°b!? 8a? 8 
4 n 
77.  (-8x7y?) (-8)4x®y® — 4096x8y® 16x? 79 OEE ad + ew BRET 
(16x37) a 16x by rice 256x *y vp = yo pion — pl0n-6n “7 An 
2n 3n+2 
y 1 n+2-(2n n+2—2n— n- 
81. Sia = pine 83. Sa = y int2-Qnt4) _ 5 3nt2-2 464"? 
1 
=p} 6n 
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85 x"y 3n ly 1 P 1 
5 hg eas ae 
2n-1,, n-3 n-5 
x y tn 2n-1-(n +4). n—-3-(n+3) _ ., 2n—-1-n—-4_,, n-3-n-3 _ 1 n-5,,-6 _ 
87. ntv4._ nts Ae e2 Y ed eS yo 





89, (2 J 3a*b ) (ee ) (5) 97a-*b® 33q-7b° _8?.32a~ 18415 64.2715 _ gb! 


2a*h~ 8 D gS 


2 Da | 
Odjective C Excereises 


SCHOHSSSSSSSSSSSHSSSHSSHSHSHSHSHSSSSSSHSHSSHSSHSHSSHSHSHHSHSHSSSHSSSE 





91. 0,00000467 = 4.67 x 10° 93. 9,00000000017 = 1.7 x 107!” 95. 200,000,000,000 = 2 x 10!! 


97. 123x10-’ = 0000000123 99. 8.2.x 10'® = 8200,000,000,000,000 101. 3.9x107 =0.039 
6 
103. (3x 1077)(5 x 10'°) = (3X5) x 10717"! = 15 x 10* = 150,000 105. (0.0000065X3,200,000,000,000) = (6.5 x 10-°)(3.2 x 10'*) 
= (6.5)(3.2) x 10°? 
= 20.8 x 10° = 20,800,000 





=3 3 
107, 2*10 15x10 =15 x10 =0,000000015 20.0089, S240 31.78 x10" * =e 
6x10 500,000,000 5x10 
= 0.0000000000178 
0.00056 5.6 x10 (3.3x107"\(2.7 x10") @3y¥27)x107 
1 i ee TA 10 Oe AKIO?) 113 0 a ee 
0.000000000004. _ 4x10"” 8.1x10~ 8.1 
= 140,000,000 = 11x10" =11,000,000 - 
115 (0.00000004)(84,000) _ 4 x 10° x 8.4 «104 
(0.0003)(1,400,000) 3x10*x14x10° 
SAGO 8x10 
(3)(1.4) 
= 0,000008 
CO OCOOOSHCEOHHHOOSOOOSHOOH OOOO HT SOLOS EOOOHOTOOESOOSEOS Heats : ; Odjective D Exercises 
117. Strategy To find the distance traveled: 119. Strategy To find the speed: 
e Write the speed of light in : d 
scientific notation. Bi Ue Oe UO an where 
e Write the number of seconds in r — is the speed, d is the 
one day in scientific notation. distance traveled and f is the 
e Use the equation d =rt , wherer time. 


is the speed of light and t is the number of 
seconds in one day. 


Solution 300,000 = 3 x 10° 


de d19% 107 
24-60-60 = 86,400 = 8.64 x 104 t 11 


Solution r= = 1,081 x10" 


The signals travel at a rate of 


d =rt =(3x10°)(8.64 x 10") L081 «10 mi/min 


= 3x 8.64 x10° =25.92x 10° 


= 2.592 x 101° 
Light travels 2.592 x 10'° km in one day. 
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121. 


125. 


127. 


Strategy 


Solution 


Strategy 


Solution 


Strategy 


Solution 


To find the time for one revolution: 
e Write the number of seconds in 
one minute (60) in scientific notation. 
e Divide the number of revolutions 
per minute by the number of 
seconds in one minute. 
e Find the reciprocal of the number 
of revolutions per second, which 
is the number of seconds per revolution. 


123. Strategy 





60=6x10 Solution 
H/ 
eels a0" 
6x10 
Pee 
SST? NSS 


= 0,66 x 10° = 6.6 x 1077 
The high-speed centrifuge can make 
one revolution in 6.6x107’ s. 


To find the weight of one seed: 

e Write the number of seeds per 
ounce in scientific notation. 

e Find the reciprocal of the number 
of seeds per ounce, which is the number of 
ounces per seed. 


31,000,000 = 3.1107 
= = 0.3225806 x10” 
3.1x10 


= 3.225806 x10 
The weight of one orchid seed is 
3.225806 x10 oz. 





To find. the distance: 


145 


To find the number of times heavier 

the sun is: 

e Divide the mass of the sun by the mass of 
the earth. 


rea 
5.9x1027 © 
The sun is 3.38983 x 10° times heavier than 
the earth. 


0.338983 x 10° = 3.38983 x 10° 


e Use the equation d = rt , where r is the speed of light and t¢ is the time. 


60-60-24 -365-2.8 x 10° = 8.83 x10!° 


d =rt =(1.86 x 10°)(8.83 x 10'°) = 16423949 x 10” mi 


The Coma cluster is 1.6423949 x 107! mi from earth. 
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vy Section 6.2 


RO ene 








PITTI es Objective A. Exercises 
1. = P(3)=3(3)’ -2(3)-8 3. -R(2) = 2(2)° -3(2)’ +4(2) -2 See (l=Cl —-2-1) 0 
P()=13 RQ)=10 f(-D=-11 
ie Polynomial: (a) —1; (b) 8; (c) 2 9. Nota polynomial. 11. Nota polynomial. 
13. Polynomial: (a) 3; (b) z, (c) 5 15. Polynomial: (a) —5; (b) 2; (c) 3 17. Polynomial: (a) 14; (b) 14; (c) 0 
ily 

































































25. + 2x - 7 
pet ee eB) =x" > "Sxl eae 
ae = ee oe =u + 


29. (3y?-7y)+(2y? -8y +2) =(3y? +2y)+(-Ty -8y) +2 =5y7 -15y +2 


31. (2a? - 3a - 7) —(-Sa” - 2a - 9) = (2a? + 5a”) + (-3a +2) + (-7 +9) = Ta” -a +2 


33. P(x) +R(x)=(x? -3x+1)+(2x? -3) 35. P(x) —R(x)=(3x7 +2)-(-5x? +2x-3) 
= (x? +2x?)—3x+(1-3) = (3x? +5x?)—2x+(2+3) 
= 3x’ -3x-2 = 8x7 -2x+5 


Sis Se jy= (30° 3x" ~x*)+(3x° = 7x2 +2x) 
=3x‘4 +(-3x° +3x°)+(-x? —7x7)+2x 
S(x)=3x4 -8x? +2x 
S (2) =3(2)' -8(2) +2(2) 
S§ (2) =20 
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000 00000000000000000000000000 0000000 0000LOOR2ECRRL0OL0R Fae ; Applying the Concepts 
39. ee 2x? + 3x? +he+5)—-(x° +227 +3x4+7) Hx? 42° 4+5x-2 
(2x° - x) + (3x? - 2x”) + (foe- 3x) +(5-7) =2° +x? +5x-2 
x +x? +(k-3)x-2=x° +x? +5x-2 
(k -3)x =5x 
“3=5 
k=8 
b. 6x° + ke? —2x-1)— (4° 3x? +1) =2x° - x? -2x-2 


(6x? - 42°) + (hoc? +3x”) + (-2x) + (-1-1) = 22° - x? -2x-2 
2x’ +(k+3)x? -2x-2=2x° - x” -2x-2 
(k+3)x? =-x’ 
| 










Doce ceccccncccccccccccsvccscceccnccoecceecesecaecoceccs ee a ae Objective A Exercises - 
1. x(x —2)=x?-2x 3. —x(x +7)=—x? -7x 3: 3a? (a —2) = 3a? -6a’ 
di —5x?(x? ~x)=-5x4+5x? 9. ~x3(3x?-7)=-3x° +7x? 11. 2x (6x? —3x)=12x° ~6x? 
13. (2x —4)3x)=6x? -12x 15. (3x +4)x =3x7? +4x 
17. -xy(x?-y?)=-x°y +2y° 19.Gee (2x8 eOrrk2) lei 3xiet 2x 
21. -a(-2a’ ~3a -2) = 2a° +3a? +2a 23. x*(3x“—3x?-2)=3x°-3x4-2x? 
25. 2y?(-3y?-6y +7) =-6y *-12y*+14y? 27. (a? +3a —4)(-2a) = -2a° - 6a" +8a 
29. —3y?(-2y? +y —2) =6y4-3y?+6y? 31. xy (x? -3xy +y7)=x3y —3x7y? +2y? 


Obdjective B Exercises 





33. x? + 3x +2 35. a’ — 3a+ 4 37. = 26° = 3h + 4 

x x +1 x a- 3 x b- 5 

ere Sx 2 Piatt" 9a 2712 10b? + 15b — 20 

%° + 3x7 + 2x a> — 3a* + 4a 2b? — 3p" 4) Ab 

x? + 4y?-+ 5x +2 a? - 6a* + 13a — 12 —2b? + 7b? +19b — 20 
39. = Dye Tx. = 2 41. x? +5 43. x? =) axe 
x 38x -— § x eo > 8} x x -4 
10x? - 35x +10 = "3x? - 15 ae + 12x =8 

6x" +21ix? — 6x x? + 5x x‘ a 2 
—6x? + 31x? — 41x:-+10 x? 3°3x7? 45x = 15 x4 — 4x? - 3x? + 14x - 8 
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51. 


SIE 


63. 


67. 


71. 


1b} 


79. 


85. 


ot: 


Si: 


101. 


ce ee hee) 47. 5a? 
x 3y - 8 a : 
— 40y? — 64y +16 =e 
Sa ~ 
iSpy? + 24y>—- 6 
= z- Z Sa* — 20a? - 


15y> — 16y? — 70y + 16 


Chapter 6: Polynomials 


- 5a + 249. y? + 2y? - 3y fe | 
Geet x yt+2 
: + 20a - 8 2y>? + 4y? - by +2 
Sa* + 2a 4 3 2 
+ 2y° — 3y* + 
Sa? Ve 22gue es Z z 2 ze 


yi +4y2? + y?-5y +2 


Objective C Exercises 








(x +1)(e +3)=x74+3x +x +3 53. (a—-3)a+4)=a’ +4a -3a-12 D5: (y +3\y -8)=y’ -8y +3y -—24 
=x? +4x +3 =a’ +a-12 =y’-Sy -24 
(y -7\y -3)=y?-3y -Ty $21 59. (2x +1)(x +7)=2x2+14x 4x47 61. (Bx 1x +4)=3x7? +12x-x-4 
=y’-10y +21 =2x?+15x +7 =3x?4+11lx -4 
(4x -3)(x -7)=4x? -28x —3x +21=4x?-31x +21 65. (By -8)(y +2) =3y? +6y —8y -16=3y?-2y -16 
(3x +7\X3x +11) =9x? +33x +21x +77 69. (Ja —16)(3a —5) =21a? — 35a — 48a + 80 
= 9x? 4+54x +77 = 21a? — 83a +80 
(a —2b)(2a — 7b) = 6a? —21ab —4ab +14b? 73. (a—9b)2a +7b) = 2a + Tab —18ab —63b7 
= 6a? —25ab +14b? = 2a? -1lab - 63b’ 
(10a -3b)(10a -7b) =100a? —70ab —30ab +21b? 77. (5x +12y )Gx +4y)=15x? +20xy +36xy +48y? 
=100a? -100ab +21b? = 15x? +56xy +48y? 
(2x -15y (7x +4y)=14x7 +8xy —105xy —60y? 81. (8x —3y (7x —Sy)=56x? —40xy —21xy +15y? 
=14x?-97xy —60y? =56x?-6lxy +15y? 
PYYTT VIII) ; : Objective D Exercises 
(y -5\y +5)=y?-25 87. (2x +3\(2x -3)=4x7-9 89. (x +1) =x? +2x +1 
(3a — 5) = 9a? — 30a +25 93. (3x —7)3x +7)=9x? -49 95. (2a+b) =4a* +4ab +b? 
(4-3y \(44+3y)=16-9y? 99. (5x +2y) =25x?+20xy +4y? 


SOHSHSSHSSHSSSOHSSSSSHSSSHSSHHHSSHSSHHSSHHSHSSHHSHOHHHSSSEESOO 


Strategy e _ To find the area, replace the variables L 


and W in the equation A =L -W by the 
given values and solve for A. 


A=LW 

A =(Sx )(2x -7) 

A =10x? —35x: 

The area is (10x? — 35x) ft’. 


Solution 


103. Strategy e 





Objective E. Exercises 





To find the area, replace the variable s in 


the equation A = 5s? 
by the given values and solve for 
A. 


Solution ces 

A =(2x +1) 

A =(2x +1X2x +1) 

A =4x*+4x +1 

The area is (4x? +4x +1) km?. 
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105. Strategy 


Solution 


109. Strategy 


Solution 


e To find the area, replace the variables 107. Strategy 
and W in the equation A=L-W by the 
given values and solve for A. 
W =(3x +1), L=W =2(3x +1). 

ati Solution 


A =2(3x +1)3x +1) 
A =(6x +2)(3x +1) 
A =18x7 +12x +2 
The area is (18x +12x +2) in?. 


e One side: 30 
Second side: 100 +2w 

e Use the equation for the area of 
a rectangle. 


Al SiG 

A =30(100 + 2w ) 

A =3000+60w 

The area is (3000 + 60w ) yd? . 


149 


e To find the area, replace the variables b 
and h in the equation A = = bh by the 


given values and solve for A. 


Lieiags 
2 


A = 54x \2x +5) 
A =2x(2x +5) 


A =4x* +10x 
The area is (4x7 +10x) m?. 





Applying the Concepts 


111. (@+b)’ -(a-b) =(a? +2ab +b”) - (a -2ab +b”) =a’ +2ab +b? —a? + 2ab —b* = 4ab 


113. (a +3)’ = (a +3)’(a +3) =(a? +6a +9)(a +3) 


=a? +3a? +6a* +18a +9a +27 
=a? +9a? +27a +27 


(2x —5)(3x +1) +(x? +2x -3)= 6x? +2x -15x -5+x7+2x -3=7x?-11x -8 


be (x? +x +3)@ —4)-(4x? -x -5)= x? -4x7 +x? -4x 43x -12-4x? +x 45=x°-Tx? -7 





SPSCHHSSSSSSHHSSSHSSSSHSHSSSHSHSSSHSHSSHHSHSHSHSHSSHTSHHHSHSHHHHHEEE 





: Section 6.4 » 








x+8 53 
2 
1. ileal 3, x —3)x?-3x? +042 
7, i eae Pe 
8x—40 x? -3x? 
8x — 40 
a 2 


(x? +3x-40)+(x-5)=x+8 


(x? -3x?+2)+( —3)=x*+ 





x- 
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3x +5 5x +7 
5. 2x +1)6x? +13x +8 7. 2x -1)10x? +9x -5 
6x? + 3x 10x? — 5x 
10x +8 14x —5 
10x +5 14x -7 
3 22 
2 
(6x? +13x +8)+(2x +1) =3x +5+ (10x? +9x —5)+(2x -1)=5x +7+ 
2x +1 2x -1 
4x*+6x +9 3x? +1 
9. ax -3)8x3+4 0 0-9 1k 2x? —5)6x* + 0-13x7+0-4 
Ry 1x 6x4 5x 
beep I 2x? +0-4 
12x? -18x Bg ls 
18x -— 9 1 
18x -—27 
(6x4 -13x7 -4)+(2x? -5)=3x7 +1+—5 
18 ox as 
(8x? -9)+(2x -3)=4x7 +6x +9+ 2 
2x -3 
x?-— 3x -10 x? -2x +1 
13. 3x +1)3x3-8x?—33x -10 15. x —3)x? 5x? 47x —4 
3x34 x? cake 
—-9x? —33x —2x2+7x 
9x2 ~ 3x 2x? +6x 
~30x -10 ea 
-30x -10 x -3 
0 =} 
' 3 2 
get S8its53y 1092 Sh Mise Nn HU ee Be ey oe 
3x +1 a cae 
Dye 37. 44 = 4 2x 
17. x —5)2x4—-13x3 +16x? —9x +20 19. x? 42x -1)2x3 44x? — x+2 
27 109% 2x3 +4x7?-2x 
~3x34+16x? x +2 
S3y tala? Oy? £4y =x ae x+2 
29 gay —| x? 42x =1 
Pe EPS 
4 5% 
—-4x +20 


—4x +20 

0 

2x4 -13x7+16x7-9x +20 | 
x-5 


PETE eae ae 
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Section 6.4 15] 
x? +4x +6 x? 2x +4 
21. x*—-2x -1)x4+2x>-3x?-6x +2 23.~ x7 +2x +3)x44 0 +3x7-4x +5 
= 2yo — xe x4 42x72 43x? 
4x3 ~2x? —6x —2x34+0x? -4x 
4x? ~8x?-—4x 2x3 4x? -6x 
6x?- 2x +2 4x? 42x + 5 
Gy 19x =6 4x? +8x +12 
10x +8 Ose! 
Sox — 3x? — x4 43x? —4x +5 6x —7 
x7 + =i 3x Se Tee, tee ee : Sey) aoe ee : x 
oa ee ee x*+2x +3 x° +2x +3 
CO) OT enie B Exercises 
25% Zn Sa 14 16 29. 1/3 0 +4 
6 -16 Sees 
3 «-8 0 3 3 -1l 
Te _ + = _ 2 = - = = = — 
(2x? -6x -8)+(x +1)=2x -8 (3x? -14x +16)+(x -2)=3x -8 (3x? -4) +(x -1) =3x +3- 
Spe 
31. 33. 
(4x? -x -18)+( —2)=4x7+8x +15+ 
35. 6HR pis) 4h Ry Sy 5 
@ ZY oe eke 
3) A I i Be 
4 3 2 
(2x3 +5x?- 5x +20) +(x +4)=2x?-3x +7-— ied ae ee 2 ay 52 Pia 1 
x+4 x -2 Noe 
39. -1 | 3 Sa led ie ev 41. 
3 014 
3m 0-1 4 -—2 5 
4 Jer. Za 2) 
ee a 82 te ae Die ee Denys ee 
x +1 x +1 x —3 x- 
COOOOHHHSOOHHOCOHOSOOEASHOHSHSHOSOSLOHOHOHLOHTOTOHSTOSCOS Ordjective C Exercises 
43. 3) =0 45. 3,2 -3 -l 
6 9 
2 at aS 
EG) = 18 
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152 
47. 51. 
53. hs Sil @ W 8 
5) BS WS: 
122 
P(5)=122 
59. 61. 63. 
R(-3) = 302 Q(2)=0 R(-2)=-65 
PTYTITITTTTT Ta) Applying the Ores 
a’ —ab +b? x4—x3y +x7y?-xy? +y* 
65.4 28: a+b\a? +5* b. x+y)x° +y? 
a*+a’b xi+x4y 
-a’b =x ty 
-a*b —ab’ -x4y ax y 
ab? +b? ye 
ab* +b? x3y?+x2y? 
0 -x2y3 
ai+b3 8) 4 
; =a? -ab +b? aX gy Oa 
at 
xy*+y? 
yee 
0 
5 5) 
Xt it xy +x2y?—xy2 +y4 
ey 
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xi axty tx2y2-x%y +ay4-y> 


Cae ery x -y? 
xo +x >y 
=x3y —x4y? 
x4y? 


xty?+x3y3 
-x3y3 


-x3y3—x2y4 











xy" 
x*y4+xy° 
ap Spe 
-xy°-y° 
0 
x°-y® 5 4 a) es 4 5 
Wea y Se” S388 4 Span 82) pag) —5Y 
dy? +3x-1 2x7? 41x +0 
67% a.) 4x +8)2x?+7x? +2x -8 b. 6x —12)4x3 +13x? -22x +24 
2x34+4x? Aya Sy? 
3x? +2x 21x? -222 
3x? +6x 21x? —42x 
4x —6 20x +24 
4x —8 20x —40 
0 64 
(2x? +72? 42x -8) +(x +8)= ox 42-1 (4x? +13x? -22x +24) + (6x -12)=S27 4a + 
ot 
6x -12 
xt — x +1 x?+6x +17 
ce x? -x +1)2x4-3x74+4x? +x -10 d. x? 2x -3)x4 44x? 42x? -x +5 
Oye Oey - ¥ Sle 2 — 3x0 
—x73 42x? +x 6x? + Sx? = x 
=x? + x? =x 6x? -12x? -18x 
x? +2x -10 17x? +17x + 5 
x?- x+ 1 17x? -34x -51 
We axthit Six +56 
(2x4 -3x>+4x? +x -10)+(x?-x +1) (46 -Ax 42x — x +5) +(x? -2x -3) 
See ae “he Aaah eae 


eet | x?-2x -3 
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Chapter Review 





POSCHSHHHSHSHAHHSSSSHSHHSHOSHSSHHSHHSHSHSHHHSHSHHSHOSHOHOSOOASE 


1. (-2ab*)(3ab7) = -6a°*b° 2. (-3x2y 3)’ =(-3)?x ty © = 9x ty ® 


4) -3,2\)9 a 
(2a bi-e ) 8al’b*c® 1 12-12, -9-8,,6-(-4) — 1-17 10 


= = - 9 c 
% (2a°b?c1)'  16al*b"e“ 2 apy 
4, 2.54x10 = 0.00254 5. P(-2) =2(-2)’ -(-2) +7 
P(-2)=-16+2+7 
P(-2)=-7 








6. (5x? - 8xy +2y7)-(x? -3y?)=(5x? -x?)-8xy +(2y? +3y7)=4x? -B8xy + 5y 


7. (2x ty 2 $\(-3x 3yz =) oy ty 2 5(9x Sy a) 8. (2a'7b*)(-9b 7¢°\(3ac) = ~54q'3p5¢7 
5,4 
= 18x >y 427! sia ES ss 
Zz 
9, 10. a 3 11. 2/1 -2 3 -5 
ae 260. XG 
G3 
te One 3 gl 
P(2)=1 





























12. -2x(4x?+7x -9) = -2x(4x7)-2x (7x) -2x(-9) =-Bx? - 14x? +18x 


13. 2ab*(4a? —2ab + 3b”) = 2ab*(4a”) + 2ab>(-2ab) + 2ab*(3b”) = 8a°b* —4a*b* + 6ab° 








14. 3y lee 4a ERT 15. (5a —7)(2a +9) = 10a? +45a — 14a - 63 = 10a? +31la - 63 
" 2y + 
Oy 7) 4 412y 6= 21 
6y3 + 8y? — 14y 
6y3 ~ 17)" - 2 —- 21 
5x +4 
16.  0,000000127 =1.27x107 17. (Sy -7) =(5y -75y -7) 18. 3x -2)15x?+ 2x -2 
=25y? -35y -35y +49 15x? ~10x 
=25y”*—70y +49 12x -2 
12x -8 
6 
I5x*+2x-2 ay 
3x -2 3x -2 
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19. 


21. 


23. 


26. 


28. 


30. 


Borate 7 910.092 
-24 


-18 48 





50 
x +6 


4x°> +27x>+10x +2 _ 
x +6 


4x7+3x -8+ 





8.1 x 10° = 8,100,000,000 


(Sa +2b)(Sa —2b) = 25a? - 4b? 24. 


P (-3)=68 
6b2 5 —7lb = 5 
Aye = 
Gb 282 cS 
12b° -— 4b‘ = 105? 
126° — 454 6h aes 8h 2 es 


765,000,000,000 = 7.65 x 10"! 


To find how far the earth is from the Great 
Galaxy of Andromeda, use the equation 

d =rt where 

r =6.7x10° mphand ¢ = 2.2x 10° 

years. 2.2x 10° x 24 x 365 =1.9272 x10". 


Strategy 


Solution = d =rt =(6.7 x 10°)(1.9272 x 10'°) 


= 6.7 x 1.9272 x 10!8 =12.91224 x 108 


= 1.291224 x 10"” 
The distance from Earth to the Great Galaxy of 


Andromeda is 1.291224 x 10'° mi. 


20. 


22. 





27. 


29. 


31. 


155 


10 Oe Omen —4 
4 16 64 256 













14168646252 
4 
Saree Agee On RGA 
x-4 x-4 
-18a°b _ -2-3-3a°b _ -2a°*b'* — -2a°b* 2a 
27a°b* = 3..3-3a°b4 3 73 3b3 


25. (12y? +17y -4)+(9p? -13y +3) 
12y?7 + 17y - 4 
+ 9y? - 13y + 3 
4y - 1 


(a +7)(a -7)=a* ~7a+7a -—49 =a’ - 49 


Strategy To find the area, replace the variables L and W 


in the equation A =L -W by the given values 
and solve for A. 


A=LW 

A =(2w -1\w ) 

A =2w?-w 

The area of the table is (2w ? -w ) ft”. 


Solution 


To find the number of seconds in one week in 

scientific notation: 

e Multiply the number of seconds in a 
minute (60) by the minutes in an hour (60) 
by the hours in a day (24) by the days in a 
week (7). 

e Convert that product to scientific notation. 


Strategy 


Solution 60 x 60 x 24 x 7 = 604,800 = 6.048 x 10° 
The number of seconds in a week is 


6.048 x10°. 
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Ape 


10. 


13, 


14. 


16. 


Chapter 6: Polynomials 


Strategy Side of a square: 3x —2 33. Strategy To find the area, replace the variables L and W 
Use the equation for the area of a in the equation A =LW by the given values 
square. and solve for A. 
Solution S2=4 Solution A=L:‘W 
Gra2y=4 A = (5x +3)(2x —7)=10x? -29x -21 
fs tay ee The area is (10x” -29x -21)cm?. 


9x?-12x +4=A 
The area is (ox? -12x +4) in’. 


| ia wa 
POPCOOEOSSOHOSOOLESSOSOHS OSHS OH OSHHHOOSHOHOSOHOOOSOSES Chapter I est 














12x? 4 
2x (2x? —3x)=4x?-6x? 2. 3 ae 
( ) -3x8 x? 
x -l 
(-2xy *)(3x?y 4) =-6x°y° 5. x +1)x?+0+41 
Sieh 
—x +1 
~x -l 
2 
A 2 
(x +1)+(x +1)=x -1+—— 
x +1 
(x —3)(x? -4x +5)=x?-4x? 45x -3x? +12x -15 7. (-2a°b)’ = -23a°b? = -8a°S? 
=x? —7x? +417x -15 
yeh 
Gx cy ly stinayads Sekt 9. (a -2bla +5b) =a? +5ab —2ab -10b? = a? +3ab - 106? 
3x 4y 7 3x 4y 7 x 10 
x +7 
P (x) =3x? -8x +] 11. x —1)x? +6x —7 12. -3y?(-2y? +3y -6)=6y*-9y* 
P (2) =3(2)? -8(2)+1 x? —Ix +18y? 
P (2)=-3 Tay 
Tx -7 
0 


(x? +6x -7)+(@ —l=x+7 


(-2x? +x? —7\(2x -3)=—4x 4 +6x? +2x? -3x?-14x +21 =—4x ‘4 +8x°—3x7 -14x +21 


(4y —3)(4y +3) =16y?+12y -12y -9=16y?-9 15. (ab?)(a*b°) =a*b’ 

= 3 
Ee oth = 8ab4 (2a~*b) 23q7!2p6 2b7 
72453 700 SS = oT 


4a?b dab 
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Cumulative Review 


18. 


20. 


22. 


24. 








157 


(3a? - 2a -7)—(5a? + 2a -10) =-Sa* +3a7 - 4a +3 19. (2x -5)’ =(2x —5)(2x —5)=4x? -10x -10x +25 
=4x* —20x +25 
x? —5x +10 
x +3)x?-2x?-5x +7 21. (2x —7y X5x -4y)=10x? -8xy —35xy +28y’ 
x3 +3x? = 10x? ~43xy +28y? 
=§e°— 5x 
=5x-—15x 
10x + 7 
10x +30 
23 
x? —2x?~—5x +7- =a 
x +3 
(3x° -2x? -4)+(8x7 -8x +7)=3x° +6x7 —8x +3 23.  0.00000000302 = 3.02 x 10” 
(3.7 x 10-)(2.19 x 1077) = (3.7)(2.19) x 10°77” 25. r =(x —5) 
= 8.103 x 10! A= ar? = a(x —5) = mx —5)(x -5) 


The mass of the moon is 8.103 x 10! tons. 


-§8>-3 False 
-32-3 True 
32-3 True 
The inequality is true for —3 and 3. 


cee) 82 lon 
E26 9 uae 88 084 


2: 


5 


= mx? —5x - 5x +25)= ax? -10ax +25 


The area of the circle is (xx 2_107x +252) m?. 


The additive inverse of 83 is —83. 


5/300 = -5V2? -3-5? 
Bove, SN oN 
= -50V3 





Cumulative Review 


8 - 2[-3 -(-1)’]+4 = 
8 -2[-3 +1} +4 = 
8-2-2) +4= 
8-2(4)+4 = 
8-8+4= 

8-2= 

6 


The Inverse Property of Addition. 


2x —4[x -2(3 -23x)+4]=2x —4[x -6 +46x +4] =2x —4(7x +2) =2x —188x +8 = -186x +8 
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11. 


13. 


15. 


Chapter 6: Polynomials 


sy 22 9, 8x -3-x =-6x +3x -8 10. 3-|2-3x|=-2 
> 2 5 2 7x —3=3x -14 =P —3t|=—5 
3. 3 6ens 7x —3-3x =3x -14-3x (2 -3x|=5 
es 483.616 9-30n5 82-6, ee 
1 4x =-11 
(-1X-y )=C)D— x=-l x= 
6 4x =) 
y ert 4 4 The solutions are —1 and ab 
6 11 3 
The olenon eee 4 
6 1 


ee 1 
The solution is — ei. : 


Pea 32) aye 12. 
P(-2)=12+4+2 


P(—2)=18 





Vay ter ore 


~ we 14. 
ay ie?) 


m 


The slope is -= : 


First find the slope of the given line. 16. 
3x +2y =4 
2y =-3x +4 
3 3 
== — 2, 1 
a ei 


The perpendicular line will have a slope that is 


: : 3 
the negative reciprocal of — se 


2 


m=— 


Now use the point-slope formula to find the 
equation of the line. 


y-y, =m (x -x,) 


vi =x -(-2)] 


2 4 
—-4=—y +— 
“4 3 3 
eoege” 
feat pear 


The equation of the perpendicular line is y = =x + e : 


No two ordered pairs have the same first coordinate and 
different second coordinates. The relation is function. 


Use the point-slope formula. 
yy, =m(x -x)) 








3 
-2=—=[x -(1 
y Bt (-1)] 
3 3 
eee 
” 5° 9 
steclameee 
em i 
2x —3y =2 
x+y =—=3 
2 -3 
D= =5 PR ee es 
a D 5 
2 -3 D 
Di =-7 ye 
3 | D 5 
2, 
ID. = =-8 
Sires 
The solution is (-2. -2). 
5 5 
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Cumulative Review 


(1) x-y +z =0 18. —2x —(-xy)+7x -—4xy =-2x +7x +xy -—4xy 

(2) 2x +y -3z=-7 = 5x —3xy 
(3) -x +2y +2z =5 
Add equations (1) and (3) to eliminate x. 

ae + 2) =O 
Sree e 2) icteozee= 5 

VatesZae— 5 

Add —2 times equation (1) and equation (2) to eliminate x. 


ost) + 2p = 0 
2Xet i Yoe—asZ, = —/ 
Sy eoze = —/ 
Now solve the system of two equations in two variables. 
y +3z =5 
3y —5z =-7 
Add -3 times the first of these equations to the second. 
ope — 9 92 = —15 
Sj 2 = 7 
=) 14z = 522 
11 
z=— 
u 
Next find y. 
y +3z =5 
11 
+3) —]=5 
4 a) 
a2 
W 
Replace y and z in equation (1) and solve for x. 
2 ANal 
x -—+—=0 
eet | 
9 
x=- 
7 
The solution is (-=. Es ot). 
TF eer ey 
19. eS OS 20. 0.00000501 = 5.01x 10° 21. 
Xx 2G 
So 2 
Aree 6x" +. 2x 
4x3 - 7x + 3 


























Copyright © Houghton Mifflin Company. All rights reserved. 


160 


22. 


25: 


27. 


28. 








Chapter 6: Polynomials 


24. Solve each inequality 


2x +y <2 —6x +3y 26 
y <2-2x 3y 26+6x 
y 22+2x 








(5x 3y 3, ‘i oe, sy 6-2 


—273 SI\F2 2p 3(5-2 6) 2 -2 -2-6) 3+2 =>. <6) 6= An ee 
(4a-*b*)(2a3b-!) = 4a*b3(27 ab”) = 4-270 9? 26, SR ty Sy A OO) 
fe yz eZ 
1 
n47a*b? =| ee ee sae 
25 25x ° 
Strategy e Smalier integer: x 


Solution 


Strategy 


Solution 


Larger integer: 24 -—x 


e The difference between four times the smaller and nine is three less than twice the larger. 


4x -9 =2(24-x)-3 


4x -9=2(224-x)-3 
4x -9=48-2x -3 
4x -9=45-2x 
6x -9=45 
6x =54 
=) 
24-x =24-9=15 
The integers are 9 and 15. 


e The number of ounces of pure gold: x 


Amount Cost Value 
Pure gold 360x 
Alloy 80(120) 
Mixture 200(x +80) 





e The sum of the values before mixing equals the value after mixing. 
360x +80(120) = 200(x +80) 


360x + 80(120) =200(x +80) 
360x +9600 =200x +16,000 
160x + 9600 = 16,000 
160x = 6400 


x =40 
40 oz. of pure gold must be mixed with the alloy. 
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Cumulative Review 


29. Strategy e Faster cyclist: 1.5x 
Slower cyclist: x 


Rate Time Distance 
Faster cyclist 1.5x 2 2(1.5x ) 
Slower cyclist x 2 ox 


e The sum of the distances is 25 mi. 


Solution 2(1.5x)+2x =25 
Sho Gays? E45) 
5x-=25 
3) 5) 
15x =1.5(5) =7.5 
The slower cyclist travels at 5 mph, the faster cyclist at 7.5 mph. 


30. Strategy e Amount invested at 10%: x 


Principal Rate Interest 
Amount at 7.5% 3000 0.075(3000) 
Amount at 10% x 0.10x 





Amount at 9% 3000 +x 0.093000 +x ) 


e The amount of interest earned at 9% equals the total amount of the interest earned at 7.5% and 10%. 


Solution 0.075(3000)+0.10x = 0.09(3000 + x ) 
225+0.10x =270+0.09x 
O001lx +225 =270 
0.01x =45 


x = 4500 
The additional investment is $4500. 


s(n 2! SLUG eS 50. The slope represents the average speed of travel in miles per hour. 


x,-x, 6-2 4 





32. Strategy e Length: x 33. Az=s? 
Width: 40% of x =0.40x iJ 2 
e Use the rectangle for the EMCEE) 


perimeter of a rectangle. A = (2x +3)(2x +3) 
; A =4x? +6x +6x +9 
Sais ele A =4x7 412% +9 
Be Os) =A? The area is (4x7 +12x +9) m?. 
2x +0.80x =42 
2.8x =42 
x =15 
0.40x =6 


The length is 15 m and the width is 6 m. 
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Chapter 7 
Factoring 





SUM YCNTESNIETS CRIN TRIES 
TE ise ese sean PAOn 





Prep Test a 











1. 3. -(a-b)=-a+é 4,  2(a-—b)-S(a-b) 
= 2a-2b—-Sa+5b 
=-3a+3b 

5p 42S) 62 = 0 7. (+4) -6) 8. (2x —5)3x +2) 

x=0 peel =x? -6x+4x—-24 = 6x" +4x-15x-10 
oe =x’ -2x-24 = 6x" -11x-10 

9 x 10. 6x'y° 

ia at =3x’y 
Go Figure : 


Ifx+y, xy, and all equal the same number, then they also equal each other. So, x»=~. Solving for y, divide both sides by x, 
y ve 


and multiply both sides by y to get y’ = 1. Then y must be either 1 or -1. 
Use x + y = xy check our solution, 

If y= 1, thenx+ 1 =x(1) 

Subtracting x from both sides we have 

1 = 0, which is never true. So, y= 1 is not a valid solution. 

If y =—1, then 

x-1=x(-1) 

x-—1=-x add» to both sides 

2x= 1 divide both sides by 2 





Section 7.1 





ROSS Te 








PITTI Ondjective A. Exercises 
1 5a +5 =5(a +1) 3. 16-8a? =8(2-a’) 5. 8x +12 =4(2x +3) 7. 30a -6=6(5a -1) 
9. Tx*-3x =x(7x -3) 11. 3a? +5a? =a?(3+5a°) 13. 14y?4+1ly =y(14y +11) 
15, 2x*—4x =2x(x*=2) 17. 10x*=12x7 =2x7(5x* —6) 19. 8a* —4a° = 4a°(2a* -1) 
21. x*y?-xy =xy(xy -1) 23: 3x’y * —6xy = 3xy(xy* -2) 25, x7) -xy* =xy(x -y?) 


27.  5y>-20y?+10y =Sy(y?-4y +2) 29. 3y4-9y3-6y? =3y*(y?-3y -2) 31. 3y3-9y? +24y =3y(y? -3y +8) 
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Section 7.1 
33.  6a° —3a° -2a” =a?(6a° — 3a -2) 35. 
37. 4b° +6b° -12b =2b(2b* + 3b? -6) 39. 
41. The GCF of 22°" anda” isa”. 43. 
2a” +q2n =a™ (2a +1) ig + ye =y*{y? 
47. y(at+z)+7(a+z)=(a+z)(y +7) 49. 
51. t(m —7)+7(7-m)=t(m -—7)-7(m -7) 53. 
=(m —7)(t -7) 
55. x? +2x +2xy +4y =x(x +2)4+2y(x +2) 57. 
=(x +2)(x +2y) 
59. ab+6b -4a-24=ba+6)-4@+6)=(a +6)(b -4) 61. 
63. 8? —-12vy +14v -21y =4v (v -3y)+7(2v -3y) 65. 
=(2v —3y )\(4v +7) 
67. 3y?-6y —ay +2a =3y(y -2)-a(y -2) 69. 
=(y -2)3y -a) 
1, 3st +t? -2t —6s =t (3s +t )-2¢ +35) 
=t (3s +t)—2(s +t) 
= (3s +t )(t -—2) 
73. 


The GCF of y*” and y”” is y™. 45. 
"+1) 


163 


2a*b -5a*b? + Tab? =ab(2a — Sab +7b) 
8x 7p? —4x*y +x? =x?(8y?-4y +1) 


The GCF of b”*° and 5° is 5°. 
pnts —p> =b*(b” -1) 





Opdjective B Exercises 


3r (a —b)+s(a-—b)=(a—-b)(3r +5) 


2y (4a -b)- (6 — 4a) = 2y (4a —b) +1(4a -b) 
= (4a -b)(2y +1) 


p’-2p -3rp + 6r = p(p -2)-3r(p -2) 
=(p -2Xp -3r) 


2z*-z+2yz —y =2z(2z -1)+y(2z -1) 
=(2z -1)(z +y) 


2x? —5x —6xy +15y =x(2x —5)—3y(2x —5) 
= (2x —5\x —3y) 


3xy =y?=y +3x =yGx -y)+1(--y +3x) 
=y Gx -y)+13x -y) 
= (3x -y)v +1) 


aa set 
Applying the Concepts 





a. 28 is a perfect number, because 28 has factors 1, 2, 4, 7, and 14, and 1+2+4+7+14=28. 


b. 496 is a perfect number, because 496 has factors 1, 2, 4, 8, 16, 31, 62, 124, and 248, and their sum is 496. 
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13. 


19. 






Factors Sum 3. 
+1, +2 3 


x? +3x +2=(x +1)(x +2) 


Factors Sum 9, 
-1,-2 -3 
a’ —3a+2=(a-1)(a-2) 


Factors Sum 15. 
—1, +8 W 
+1,-8 -—-7 
—2,+4 2 
+2,-4 2 


b? +7b -8=(b +8) -1) 


Factors Sum 21. 
-1,-45 —46 
—3,-15 -18 
-5,-9 -14 


z? -14z +45 =(z —5)(z -9) 


momen: SeCtion 7.2 wx 


Factors Sum 5. 
-1, +2 1 
+1, -2 -1 


x? —-x -2=(x +1)(x -2) 


Factors Sum 11. 
-1, +2 1 
+1, -2 -] 


a’? +a-2=(a+2\Xa-1) 


Factors Sum 17. 
-1,+55 54 

+1,-55 -54 

-5,+11 6 

+5,-l1l -6 


y? +6y -55=(y +11)(y -5) 


Factors Sum 23. 
-1,+160 159 
+1, -160 -159 
—2,+80 78 
+2,-80 -78 
-4,+40 36 
+4,-40 -36 
-5,+32 27 
+5,-32 -27 
-8,+20 12 
+8,-20 -12 
-10,+16 6 
+10,-16 -6 


z? —12z -160 =(z + 8)(z — 20) 


Chapter 7: Factoring 






Factors Sum 
-1,+12 11 
+1,-12 -11 
—2, +6 4 

+2,-6 -4 
-3, +4 1 

+3, -4 -1 


a’ +a-12=(a+4)a -3) 


Factors Sum 
-1,-9 -10 
-3, -3 -6 


b?-6b +9 =(b —3\(b -3) 


Factors Sum 
-1,-6 -7 
-2, -3 -5 


y?-5y +6=(y -2)(y -3) 


Factors Sum 
+1,+27 28 
+3, +9 12 


p> +12p +27 =(p +3)(p +9) 
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Section 7.2 


25. 


31. 


37. 


43. 


Factors Sum its 
+1,+100 101 
+2,+50 52 
44,+25 29 
+5, +20 25 
+10,+10 20 


x? +20x +100 =(x +10Xx +10) 


Factors Sum 33. 
-1,+20 19 

+1,-20 -19 

-2,+10 8 

+2,-10 -8 

-4, +5 1 

ae | 


b?-b-20=(b +4)(b -5) 


Factors Sum 39. 
-1,-32 -33 
-2,-16 -18 
-4,-8 -12 


y?—8y +32 is nonfactorable over 


the integers. 


Factors Sum 45. 
-1,+56 55 

+1,-56 -55 

—2,+28 26 

+2,-28 -26 

—4,+14 10 

+4,-14 -10 

-7, +8 1 

+7,-8  -l 


x? +x —56=(x +8)(x -7) 


Factors Sum 29. 
+1,+20 21 
42,+10 12 
+4,4+5 9 


b? +9b +20 =(b +4) +5) 


Factors Sum 35. 
-1,+51 50 
+1,-51 -50 
—3,+17 14 
+3,-17 -14 


y? -14y -51=(y +3Xy--17) 


Factors Sum 41. 
-1,-75 -76 
—3,-25 -28 
-5,-15 -20 


x? —20x +75 = (x -—5\(x -—15) 


Factors Sum 47. 
-1,+72 71 
+1,-72 -71 
—2,+36 34 
+2,-36 -34 
-3,+24 21 
+3, -24 -21 
—4,+18 14 
+4,-18 -14 
-6,+12 6 
+6,-12 -6 
-8, +9 1 
+8,-9 -1l 


a’? -2la -72 =(a +3Xa -24) 


Factors Sum 
-1,+42 41 
+1,-42 —41 
-2,+21 19 
+2,-21 —-19 
—3,+14 11 
+3,-14 -11 
-6, +7 1 

+6,-7 -l 


x? -llx -42 =(« +3\x -14) 


Factors Sum 
-1,+21 20 
+1,-21 -20 
=3 +7 4 

+3,-7 4 


p’-4p -21=(p +3\(p -7) 


Factors Sum 


=Wy=56 057) 
07-28) -30 
EAN 140-18 
et Te 


x? —15x +56=(x —7)(x -8) 


Factors Sum 
-1,-36 -37 
—2,-18 -20 
-3,-12 -15 
—4,-9 -13 
-6,-6 -12 


a’® -15a +36 =(a -3Xa -12) 


165 





Copyright © Houghton Mifflin Company. All rights reserved. 


166 


49. 


55. 


61. 


Factors Sum 51. 
-1,+136 135 

+1, -136 -135 

-2,+68 66 

+2,-68  -66 

-4,+34 30 

+44,-34 -30 

-8, +17 9 

+8,-17  -9 


z?—9z -136 =(z + 8Xz -17) 


Factors Sum 57. 


+1,+34 +35 
+2, +17 +19 


c? +19¢ +34 =(c +2)(c +17) 


Factors Sum 63. 
-1,+105 +104 

+1, -105 -104 

-3,+35 +32 

+3,-35 -32 

—5,+21 +16 

+5,-21 -16 

-7,+15 +8 

+7, -15 -8 


b? +8b -105 =(b +15)(b -7) 


Factors 
—1, +90 
+1, -—90 
—2, +45 
+2, -45 
-3, +30 
+3, -30 
—5, +18 
+5,-18 
—6, +15 
+6, -15 
-9, +10 
+9, -10 


c? -c -90 = +9)¢ -10) 


Factors 
—1, +96 
+1, — 96 
—2, +48 
+2, -48 
=3, +32 
13502 
4, +24 
+4, -24 
-6, +16 
+6, —16 
—8, +12 
+8, -12 


x*—4x -96 =(x +8)(x -12) 


Sum 


+95 
—95 
+46 
—46 
+29 
-29 
+20 
—20 
+10 
-10 
44 
A 


Factors Sum 


-1, +36 
+1, -36 
—2, +18 
+2, -18 
—3,+12 
+3, -12 
-4,+9 
+4, -9 
—6, +6 


a’ —9a — 36 =(a +3Xa -12) 


+35 
-35 


53. 


59. 


65. 


Chapter 7: Factoring 


Factors Sum 
+1,+44 +45 
42,422 +24 
+4,+11 +15 


z>4+15z +44 =(z +4Xz +11) 


Factors Sum 


-],-112 -113 
—2,-56 —-58 
47 2852 
-8,-14 -22 


x? —22x +112 =(x -8)(x -14) 


Factors Sum 


-1,-102 -103 
=—2,-51 —33 
—3,-34 -37 
-6,-17 -23 


b? —-23b +102 =(b —6)(b -17) 
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Section 7.2 


67. 


73. 


79. 


83. 


Factors Sum 69. 


+1,+72 +73 
4+2,+36 +438 
+3, +24 +427 
44,418 +422 
+6, +12 +18 
+8,+9 +17 


a? +27a +72 =(a +3)(a +24) 


Factors Sum 


71. Factors Sum 


+1, +156 +157 =1,4-96 ~495 
+2, +78 +80 in 96 95 
+3,4+52 +55 -2,+48 +46 
44,4+39 +43 22-48 =46 
+6,+26 +432 =3) +32) 429 
+12,413 +425 G33) 29 
x7? +25x +156 =(x +12)(x +13) —4,+24 +20 
+4,-24 -20 
—6,+16 +10 
+6,-16 -10 
-8,+12 + 
+8,-12 + 


The GCF is 2. aD: 


2x? +6x +4 =2(x? +3x +2) 
Factor the trinomial 


x? 43x 42. 
Factors Sum 


+1, +2 +3 
2x? +6x +4 =2(x +1) +2) 


The GCF is x. 

xy? —5xy +6x Sl —Sy +6) 
Factor the trinomial 

pe —Sy +6. 

Factors Sum 

-1,-6 -7 

—2,-3 -5 

xy? —5xy +6x =x(y -2)(y -3) 


The GCF is —3y. 

-3y?+15y?-18y =-3y(y? -Sy +6) 
Factor the trinomial y 7 - Sy +6. 
Factors Sum 

-1,-6 -7 

2,-3 -5 

—3y 3 +15y?-18y =-3y (vy —2Xy -3) 


The GCF is —1. 


=x? +7x +18 =-(x? ~7x —18) 
Factor the trinomial x? —7x —18. 


Factors Sum 


-1,4+18 +417 
+1,-18 -17 
—2,4+9 +7 
+2, -9 -7 


184+7x —x? =-(x +2)(x -9) 


81. 


85. 


x? -10x —96 =(x +6)(x —16) 





77. The GCF isa. 


Factor the trinomial 
b> +2b -15. 
Factors Sum 
-1,+15 +414 
+1,-15 —-14 
-3, +5 +2 
43,-5 2 


ab? +2ab -15a =a(b +5) - 3) 


The GCF is z. 
23-72? +12z =z(z? -7z +12) 


Factor the trinomial z? —7z +12. 
Factors Sum 


=f 12" *=13 
apy cate ot 
= 3e=Aae 7 


z>—-722 +122 =2(z —3)\z —4) 


The GCF is 3. 
3x? +3x —36 =3(x? +x -12) 


Factor the trinomial x? +x —12. 
Factors Sum 


-1,4+12 +11 
+1,-12 -1l1 
2,+6 + 
42,-6 +4 
3,+4 41 
+3,-4 -l 


3x7 +3x —36 =3(x +4)(x -3) 
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ab? +2ab -15a =a(b? +2b -15) 


167 


Chapter 7: Factoring 


The GCF is 5. 89. The GCF is 2a. 91. There is no common factor. 

5z? -15z -140 = 5(z? -3z -28) 2a* + 8a’ - 64a = 2a(a’ + 4a - 32) Factor the trinomial x* - Sxy +6y?. 
Factor the trinomial Factor the trinomial Factors Sum 

z*-3z -28. a? +4a-32. -1, -6 —7 

Factors Sum Factors Sum 22¢= 3 <5 

=I +28 +27 -1, +32 +31 x? —5xy +6y? =(x ~2y (x -3y) 
5 i 40230 31 

—2,+14 +12 < 

TIA) =10 —2,+16 +14 

4,4+7 +3 +2,-16 -14 

eae 24488 24 

5z’ -15z-140 =5(z+4)(z-7) saee oe 


2a? + 8a? —64a = 2a(a + 8)a —4) 


There is no common factor. 95. There is no common factor. 97. There is no common factor. 

Factor the trinomial a? —9ab +20b?. Factor the trinomial x? -3xy -28y?. Factor the trinomial 

Factors Sum Factors Sum y*-15yz -4 12. 

1 = 20) 7-21 -1,+28 427 Factors Sum 

-2,-10 -12 +1,-28 -27 -1,+41 +40 

MES SS SoG PY aca) a= 4 eae 

a* -9ab +20b? = (a -4b)(a - 5b) +2,-14 —-12 y? -15yz -41z’ is nonfactorable 
= Ane ed over the integers. 
4,-7 -3 


x? —3xy —28y? =(x +4y (x —Ty) 


The GCF is z?. 101. The GCF is b?. 
z* 122° +352? =z*(z? -12z +35) b* -22b° +120b? =b7(b? -22b +120) 
Factor the trinomial Factor the trinomial b? -22b +120. 
z>—127 +35, Factors Sum 
Factors Sum ji ib) =i 
Sjheseey acels ts eg ces 
-5,-7 -12 =3.=40 9-43 
z* 12274352? =27(z -5\(z -7) =4 a0 sd 
Soe orl ESK) 
=6, =20 1--26 
80-1595 223 
= 100) 22 


b* —22b? +120b? =b7(6 -10)(b - 12) 
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Section 7.2 


103. The GCF is 2y’. 


107. 


111. 


115. 


2y 4 -26y > -96y? =2y (yp? -13y —48) 


Factor the trinomial y * -13y —48. 
Factors Sum 


-1,+48 +447 
+1,-48 -47 
—2,+24 +22 
+2, -24 -22 
—3,+16 +413 
+3,-16 —-13 
—4,+12 48 
+4,-12 -8 
-6,+8 +2 
+6,-8 -2 


2y 4 -26y 3 -—96y? =2y7(y +3)(y -16) 


The GCF is 4y. 


4xy +20xy —56y =4y(x7 +5x -14) 


Factor the trinomial x? +5x -14. 
Factors Sum 


-1,+14 +13 
+1,-14 -13 
2, +7 +5 
+2,-7 -5 


4x’y +20xy —56y =4y (x +7)(x -2) 


The GCF is —4x. 
4x3 4x? 4+24x =—-4x(x7 +x -6) 


Factor the trinomial x? +x —6. 
Factors Sum 


-1,+6 +5 
+1,-6 -5 
-2, +3 +1] 
42, -3 -1 


~4x7?-4x74+24x =-4Ax(x +3Xx -2) 


There is no common factor. 
Factor the trinomial y? + 4yz - 2127. 
Factors Sum 


-1,+21 +420 
+1,-21 -20 
3,+7 + 
+3,-7 —-4 


yp? +4yz —21z? =(y +7z)y -3z) 


The GCF is -x?. 

—x4—7x3+8x? =—x"(x? +7x -8) 
Factor the trinomial x? + 7x -8. 
Factors Sum 


-1, +8 +7 
+1, -8 -7 
—2,+4 +2 
+2,-4 2 


—x4—7x34+8x? =-x7(x +8)(x -1) 


The GCF is ¢, 

ce? +18¢? ~40¢ =e(c? +18 — 40) 
Factor the trinomial c? +18¢ —40. 
Factors Sum 


-1,4+40 +439 
+1,-40 -39 
—2,4+20 +18 
4+2,-20 -18 
-4,+10 +6 
+44,-10 -6 
-5, +8 +3 
+5,-8 -3 


03 +18? —40c =c(e +20)(e -2) 


There is no common factor. 
Factor the trinomial y? -7xy - 8x’. 
Factors Sum 


-1,+8 +7 
+1,-8 7 
—2,+4 +2 
+2,-4 -2 


yr —7xy = exe =(y +x )y -8x) 


There is no common factor. 
Factor the trinomial y? - 16yz +15z’. 
Factors Sum 


Sie-15 16 
3-5 <8 
y? -l6yz +152? =(y —2)(y -15z) 
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170 


119. 


123. 


The GCF is 4y. 


4x*y -68xy —72y =4y(x? -17x -18) 
Factor the trinomial x? -17x -18. 


Factors 


Factor the trinomial 
-1,+18 +17 x? +3x -40. 
+1,-18 -17 Factors Sum 
—2,4+9 +47 -1,+40 +39 
10. ET in 400e 35 
-3, +6 +3 —2,+20 +18 
+3,-6 -3 4+2,-20 -18 
4x*y —68xy —72y =4y(x +1Xx -18) apa) ane 
+4,-10 -6 
-5, +8 +3 
+5,-8 -3 
4x? +12x? -160x 
=4x(x +8\x -—5) 
The GCF is 5z. 125. The GCF is 5x. 127. 


5z> —50z? —120z 

= 5z(z? -10z - 24) 
Factor the trinomial 
z?>-10z - 


Factors 
—-1, +24 
+1, -24 
—2, +12 
+2, -12 
—3, +8 
+3, -8 
—4,+6 
+4, -6 


5z> —50z? -120z 
=5z(z +2)(z -12) 


Sum 


24. 
Sum 


+23 


—2 


121. The GCF is 4x. 
4x3+12x* -160x 


= 4x (x? +3x - 40) 


5x°+30x? +40x = Sx(x? +6x +8) 
Factor the trinomial x? + 6x +8. 
Factors Sum 

+1, +8 +9 

4+2,+4 +6 


5x°+30x?+40x =5x(x +2Xx +4) 


The GCF is 4. 
4p? -28p -480 =4(p’ - 7p -120) 
Factor the trinomial p? — 7p - 120. 


Factors 
-1, +120 
+1, -120 
—2, +60 
+2, - 60 
—-3, +40 
+3, — 40 
, +30 
, —30 
—5, +24 
+5, -24 
-6, +20 
+6, — 20 
-8, -15 
+8, -15 
-10, +12 
+10, -12 


Sum 
+119 
-119 


—2 


Chapter 7: Factoring 


4p? —28p —480 = 4(p +8Xp -15) 
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Section 7.2 


129. The GCF is p?. 


133. 


137. 


p'+p*-S6p’ = p*(p’ +p -56) 
Factor the trinomial 
p’ +p -56. 
Factors Sum 
-1,+56 +55 
+1,-56 —-S55 
—2,+28 +26 
+2,-28 -26 
-4,+14 +10 
+44,-14 -10 
—7,+8 +1 
+7,-8 -l 


p'+p°-56p’ =p’*(p +8\(p -7) 
There is no common factor. 


Factor the trinomial x? +4xy - 60y?. 
Factors Sum 


-1,+60 +59 
+1,-60 -59 
—2,+30 +28 
+2, -30 -28 
—3,4+20 +417 
+3,-20 -17 
-4,4+15 +11 
44,-15 -ll 
-5,+12 +7 
+5,-12 -7 
-6,+10 + 
+6,-10 +4 


x? +4xy —60y? =(x +10y )(x -6y) 


The GCF is y. 

x’y —54y -3xy =y (xo -54-3x)=y(x? —3x - 54) 
Factor the trinomial x? — 3x -54. 

Factors Sum 

-1,+54 +53 

—2,+27 +25 

-3,+18 +15 

-6,+9 +3 

+6,-9 -3 

x7y —54y —3xy =y(x + 6)(x -9) 


171 


131. There is no common factor. 


Factor the trinomial a? -10ab +25b?. 
Factors Sum 


Sie 258) —26 
=a 10 
a* —10ab +25b* =(a —5b (a — 5b) 


The GCF is 6x. 
6x*> —6x?-120x =6x(x? -x -20) 


Factor the trinomial x” -x -20. 
Factors Sum 


-1,+20 +19 
+1,-20 -19 
—2,+10 +8 
4+2,-10 -8 
4,4+5 +1 
44,-5 -l 


6x > —6x? —120x =6x(x +4)(x —5) 





§ asf 
Applying the Concepts 


x? +kx +35. The factors of 35 must sum to k. 
Factors Sum 


-1,-35 -36 
+1,+35 +436 
—5,-7 -12 
+5,+7 +12 
k can be —36, +36, -12, or +12. 
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141. 


147. 


x? +kx +21. The factors of 21 must 143. 27+7z+k,k >0 
sum to k. 

Factors Sum 7. Their product is k. 
-l,-21 -22 Integers Product 
+1,+21 +422 a ane) 6 
-3,-7 -10 +2, +5 10 
+3,+7 +10 ont 12 


k can be 22, —22, 10, or —10. 


y?+5y +k, k >0 

Find two positive integers that sum to 
5. Their product is k. 

Integers Product 


+2, +3 6 
+1, +4 4 
k can be 4 or 6. 


«exeezes Section 7.3 A ea re 





9080 OFOSFOHSOHHHHHHSHHHHHHHHHTHHHHTHTHSECHSOHHOOHSHO8EEO 


Positive Positive 3. 
Factors of 2: 1,2 Factorsofl: +1, +1 
Trial Factors Middle Term 


(1x +1)(2x +1) x +2x =3x 


2x? 43x +1=(x +1)(2x +1) 


Positive Negative if. 
Factors of 2: 1,2 Factorsofl: -1, -1 
Trial Factors Middle Term 


(la - 1)(2a - 1) -a -2a =-3a 
2a* -3a +1 =(a-1)(2a-1) 


Positive 11. 
Factors of 2: 1,2 Factorsof —-1: -1, +1 

Trial Factors Middle Term 

(lx +1)(2x +1) x -2x =-x 

(lx +1)(2x -1) —x +2x =x 


2x? +x —1=(x +1X2x -1) 


Find two positive integers that sum to 


k can be 6, 10, or 12. 


Chapter 7: Factoring 


145. ¢*-7ce+k,k >0 
Find two negative integers that sum to 
~7. Their product is k. 


Integers Product 
-1, -6 6 
2, -5 10 
-3, -4 12 


k can be 6, 10, or 12. 








Obdjective A Exercises 


Positive Positive 

Factors of 2: 1,2 Factors of 3: +1, +3 
Trial Factors Middle Term 

(ly +1X2y +3) 3y +2y =5y 

(dy +3)2y +1) yy +6y =7y 


2y?+7y +3=(y +3)2y +1) 


Positive Negative 

Factors of 2: 1,2 Factorsof5: -1, —5 

Trial Factors Middle Term 

(1b —1)(2b — 5) —5b —2b =-T7b 

(1b —5)(2b —1) —b -10b =-11b 

2b? -11b +5 =(6 —5\2b -1) 

Positive 

Factors of 2: 1,2 Factors of —3: -—1, +3 
+1, -3 

Trial Factors Middle Term 

(lx -1)@x +3) 3x —2x =x 

(lx +3)(2x -1) -x +6x =5x 

(lx +1)2x -3) —3x +2x =-x 


(1x — 3X2x +1) 
2x* —5x ~3 =(x —3\X2x +1) 


x —6x =-Sx 
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13. 


17. 


21. 


Positive 


Factors of 2: 1,2 Factorsof -10: —1, +10 
+1, -10 
—2, +5 
+2, 

Trial Factors Middle Term 

(it —1\(2t +10) Common factor 

(it +10)(2t -1) —t +20 =1% 

(it +1)(2t -10) Common factor 

(it —10X2t +1) t —20¢ =-19% 

(it —2)(2t +5) St -—4t =t 

(it +5)(2t -2) Common factor 

(It + 2X(2t —5) —- +4t =-+ 


(It —5)(2t +2) 


Common factor 


a? -t -10=¢ +2X2t -5) 


Positive Negative 

Factors of 12: 1,12 Factorsofl: -1, —-1 
2, 6 
gh a 

Trial Factors Middle Term 

(ly -1)d2y -1) -y -12y =-l3y 

(2y —1(6y -1) —2y -6y =-8y 

(By -)4y -1) —3y -4y =-Ty 


12y?-7y +1=@Gy -1X4y -) 


Positive 
Factors of 6: 1, 6 


2, 3 
Trial Factors 


(lt -1X6t —4) 
(lt —4)(6¢ -1) 
(lr —2)(6t - 2) 
(2t -1)(3t -4) 
(2t —4)(3t -1) 
(2t -2\3t -2) 


Negative 
Factors of 4: -1, -4 
—2, -2 
Middle Term 
Common factor 

+t -24t =-25t 
Common factor 

-& -3t =-llt 

—2t -12¢ =-14t 
Common factor 


6? -11t +4 =(2t -1)Gt —4) 


-5 


15. 


19. 


23. 


Positive 


173 


Negative 


Factors of 3: 1, 3 Factorsof5: -1, —5 


Trial Factors 
(lp -1)3p -5) 
(ip=3)3p =1) 


3p? -16p +5=(p- 


Positive 
Factors of 6: 1, 6 


4, 3) 
Trial Factors 


(Iz —1)(6z -3) 
(Iz —3)(6z -1) 
(2z -1)(3z -3) 
(22 —3)(3z -1) 


Middle Term 
—S5p -—3p =-8p 
—-p -15p =-l6p 
S)3p -1) 


Negative 
Factors of 3: -1, -—3 


Middle Term 
Common factor 
—z —18z =-19z 
Common factor 
—2z -9z =-1lz 


6z* —7z +3 is nonfactorable over the integers. 


Positive 
Factors of & 1, 8 


2, 4 
Trial Factors 


(Ix +1)(8x +4) 
(lx +4)(8x +1) 
(lx +2)(8x +2) 
(2x +1)(8x +4) 
(2x +4\8x +1) 
(2x +2)(8x +2) 


Positive 
Factors of 4. +1, +4 


+2, +2 
Middle Term 


Common factor 
x +32x =33x 

Common factor 
Common factor 
Common factor 
Common factor 


8x2 +33x +4=(x +4)(8x +1) 


Copyright © Houghton Mifflin Company. All rights reserved. 


174 


25. 


29. 


33. 





Positive 


Factors of 5: 1,5 Factors of —7: 


Trial Factors 

(1x -—1)(6x +7) 
(lx +7)(5x -1) 
(lx +1)(5x -—7) 
(lx —7\(5x +1) 


5x” —62x —7 is nonfactorable over the integers. 


Positive 


Middle Term 
7x -5x =2x 
—x +35x =34x 
—7Tx +5x =-2x 
x —35x =-34x 


Factors of 7: 1, 7 Factors of —14: 


Trial Factors 
(la -1)(7a +14) 
(la +14)(7a -1) 
(la +1X7a —-14) 
(la -14\X7a +1) 
(la —2)(7a +7) 
(la +7)(7a -2) 
(la +2)(7a -7) 
(la — 7)(7a +2) 


Middle Term 
Common factor 
—a+ 98a = 97a 
Common factor 
a —98a =-97a 
Common factor 
—2a +49a =47a 
Common factor 
2a - 49a = -A7a 


Ta? +47a -14 =@+7\7a -2) 


Positive 


Factors of 2: 1,2 Factors of —14: 


Trial Factors 

(iz —1)(2z +14) 
(Iz +14)(2z -1) 
(Iz +1\(2z -14) 
(lz —14\(2z +1) 
(iz —2)(2z +7) 
(lz +7)(2z —2) 
(lz +2)(2z —7) 
(lz —7)(2z +2) 


Middle Term 
Common factor 
-z +282 =272z 
Common factor 
Zz -—282 =-27z 
Tz —4z =32z 
Common factor 
—7Tz +4z =—3z 
Common factor 


2z7 —27z ~14 =(z -14)(2z +1) 


-1, +7 
+1, -7 


~1, +14 
+1, -14 
-2, +7 
+2, -7 


—1, +14 
+], -14 
—2, +7 
+2, -7 


27. 


31. 


35. 


Positive 


Factors of 12: 1, 12 
2, 6 
a4 


Trial Factors 

(ly +1\12y +5) 
(ly +5)2y +1) 
(2y +1)6y +5) 
(QQy +5X6y +1) 
Gy +1)4y +5) 
(3y +5\4y +1) 


Chapter 7: Factoring 


Positive 
Factors of 5: +1, +5 


Middle Term 

Sy +12y =17y 
y +60y =6ly 

10y +6y =1l6y 
2y +30y =32y 
Sy +4y =19y 
3y +20y =23y 


12y?+19y +5=(Gy +1)(4y +5) 


Positive 


Factors of 3: 1,3 Factors of 16: 


Trial Factors 
(1b —1\3b -16) 
(1b —16\3b -1) 
(1b —2)(3b —8) 
(1b —8)(3b —2) 
(1b —4)(3b —4) 


Negative 
-1, -16 


-2, -8 
4, -4 

Middle Term 

-16b —3b =-19b 

—b -48b =-49b 

-8b —6b =-14b 

—2b -24b =-26b 

—4b -—12b =-16b 


3b* -16b +16 =(6 — 4X(3b —4) 


Positive 


Factors of 3: 1,3 Factors of —-16: 


Trial Factors 
dp -)Gp +16) 
(ip +16\3p —1) 
(lp +1\X3p —16) 
Gp -16)3p +1) 
(lp -2)3p +8) 
(ip +8)3p —2) 
(ip +2)3p -8) 
(lp —8)3p +2) 
(lp -4)Gp +4) 
(ip +4)3p —4) 


-1, +16 
+1, -16 
—2, +8 
+2, -8 
4, +4 

Middle Term 

l6p —3p =13p 

—p +48p =47p 

—l6p +3p =-13p 

p —48p =-47p 

8p —6p =2p 

—2p +24p =22p 

—8p +6p =-2p 

2p -24p =-22p 

4p -12p =-8p 

—4p +12p =8p 


3p? +22p -16 =(p +8\3p —2) 
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Section 7.3 
3700s Lue GCY is 2. 39. 
4x? +6x +2 =2(2x7? +3x +1) 
Factor the trinomial. 
Positive Positive 
Factors of 2: 1,2 Factorsofl: +1, +1 
Trial Factors Middle Term 
(ix +1)(2x +1) x +2x =3x 
4x? +6x +2 =2(x +1)(2x +1) 
41. The GCF is x. 43. 
Ox? = 11x? +5x =x(2x? -11x +5) 
Factor the trinomial 2x? -11x +5. 
Positive Negative 
Factors of 2: 1,2 Factorsof5: -1, —5 
Trial Factors Middle Term 
(Ix -—1)x - 5) —5x -2x =-7x 
(lx —5\2x -1) —x -—10x =-11x 
2x? -11x? +5x =x(x —5)(2x -1) 
45. There is no common factor. 47. 
Factor the trinomial. 
Positive Positive 
Factors of 3: 1,3 Factors of 10: +1, +10 
+2, +5 
Trial Factors Middle Term 
(lz +1\3z +10) 10z +3z =13z 
(iz +10\3z +1) Zz +30z =3l1z 
(lz +2)(3z +5) 5z +6z =11z 
(lz +5)(3z +2) 2z +8z =10z 


The GCF is 5. 


1Sy? -50y +35 =5(3y? -10y +7) 


Factor the trinomial. 
Positive 


Factors of 3: 1, 3 
Trial Factors 

dy -)Gy=7) 
dy -7)Gy =) 


Negative 

Factors of 7: 
Middle Term 
-Ty -—3y =-10y 


= (es 


—y -2ly =-22y 


15y? —50y +35 = 5(y —1Gy -7) 


The GCF is bd. 


3a7b —16ab +16b = 


b(3a? - 16a +16) 


Factor the trinomial 3a? -16a +16. 


Positive 
Factors of 3: 1, 3 


Trial Factors 
(la —1)(3a — 16) 
(la —16)(3a -1) 
(la —2)(3a - 8) 
(la —8)(3a —2) 
(la —4)(3a —4) 


Negative 

Factors of 16: —1, -16 
-2, -8 
4 -4 

Middle Term 

—l6a —-3a =-19a 

—a -48a =~-49a 

—8a — 6a =—l4a 

—2a -24a = -26a 

—4a -—12a =-l6a 


3a*b —16ab +16b =b(a — 4X3a — 4) 


3z? +95z +10 is nonfactorable over the integers. 


The GCF is 3x. 
36x — 3x? -3x3 =3x(12-x =x") 
Factor the trinomial. 
Positive 
Factors of 12: 1,12 Factorsof -1: -1, +1 
4, © 
3, 4 
Trial Factors Middle Term 
(1 -1x)02+1x) x -—12x =-llx 
(l+1x)d2—-1x) —x +12x =11x 
(2—-1x K6+1x) 2x -—6x =-4x 
(2+1x )(6-1x) —2x +6x =4x 


(3-1x X44+1x) 
(3 +1x )(4-—1x) 


3x —4x =-x 
—3x +4x =x 


36x — 3x? —3x3 =-3x(x —3)(x +4) 


175 
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49. 


53. 


The GCF is 4. 
80y? -36y +4 =4(20y? -9y +1) 
Factor the trinomial. 


Positive Negative 
Factors of 20: 1, 20 Factors ofi: -1, -1 


10 
4,5 
Trial Factors 
dy -1)@20y -1) 
(2y —1)(10y -1) 
(4y -1I)Gy -1) 
80y? —36y +4 =4(4y -1)(Sy -1) 


Middle Term 

-y -20y =-2ly 
—2y -10y =-l2y 
Ay -Sy =-9y 


The GCF isy. 6x?y -11xy -10y =y (6x7 -11x -10) 


Factor the trinomial. 

Positive 

Factors of 6: 1,6 Factorsof -—10: -1, +10 

25 +], -10 

—2, +5 
+2, -S 

Trial Factors Middle Term 

(lx -—1)(6x +10) Common factor 

(lx +10)(6x -1) -—x +60x =59x 

(lx +1)(6x -—10) Common factor 

(ix —10)(6x +1) x -—60x =-59x 

(lx —2\6x +5) 5x -—12x =-7x 

(lx +5\6x —2) Common factor 

(lx +2K6x —5) —5x +12x =7x 

(lx —5X6x +2) Common factor 

(2x —1\3x +10) 20x -—3x =17x 

(2x +10)(3x —1) Common factor 

(2x +1\3x -10) —20x +3x =-17x 


(2x -10X3x +1) 
(2x —2)(3x +5) 


Common factor 
Common factor 


(2x +5)(3x -2) —4x +15x =11x 
(2x +2)(3x —5) Common factor 
(2x —5)(3x +2) 4x -15x =-11x 


6x?y —llxy —10y =y (2x —5\3x +2) 


51. 


D5: 


Chapter 7: Factoring 


The GCF is z. 

82° +42? +3z =z(8z7 +142 +3) 

Factor the trinomial. 

Positive Positive 

Factors of 8 1,8 Factors of3: +1, +3 
2,4 

Trial Factors Middle Term 

(lz +1\(8z +3) 3z +8z =l11z 

(lz +3)(8z +1) z+24z =25z 

(2z +1)(4z +3) 6z +4z =10z 

(2z +3\4z +1) 2z +12z =14z 


827 +14z? +32 =z(2z +3X4z +1) 


The GCF is 5. 10¢? -5t -50 = 5(2r” -t -10) 
Factor the trinomial. 
Positive 


Factors of 2: 1,2 Factorsof -10: —1, +10 
+1, -10 
-2, +5 
+2, -5 

Trial Factors Middle Term 

(it —1X2t +10) Common factor 

(it +10)(2t -1) —t +20¢ =1% 

(It +1)(2t —10) Common factor 

(It —10\2t +1) t —20¢ =-19t 

(it —2)(2t + 5) 5t -—4t =t 

(it +5)(2t — 2) Common factor 

(it +2)(2t - 5) —t +4t =-+ 

(it —5)(2t +2) Common factor 


10? —5¢ -50=5¢ +2)(2t -5) 
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Section 7.3 


aie 


59. 


The GCF is p. 3p* -16p’ +5p = p(3p’ -16p +5) 59. 

Factor the trinomial. 

Positive Negative 

Factors of 3: 1, 3 Factorsof5: -1, -—5 

Trial Factors Middle Term 

(ip -1)Gp -5) —Sp -3p =-8p 

(p-5)3p-1) -p-Il5p =-l6p 

3p? -16p? +5p = p(p —5X3p -1) 

The GCF is 2. 2627 +98z -24 = 2(13z7 +49z ~12) 61. 

Factor the trinomial. 

Positive 

Factors of 13: 1, 13 Factors of -12: -1, +12 
+1, -12 
—2, +6 
+2, -6 
-3, +4 
+3, -4 

Trial Factors Middle Term 

(lz —1)(13z +12) 2z —13z =-z 

(iz +12X13z -1) -z +156z =155z 

(lz +1\13z -12) -12z +13z =z 

(iz —12)(13z +1) z -156z =-155z 

(iz —2)(13z +6) 6z —26z2 = -20z 

(lz +6)(13z — 2) —2z + 78z = 76z 

(lz +2)(13z - 6) -—6z +26z =20z 

(lz — 6)(13z +2) 2z —78z = —76z 

(lz —3)(13z +4) 4z -39z =-35z 

(lz +4)(13z — 3) —3z +52z =49z 

(lz +3)(13z — 4) —4z +39z =35z 

(lz —4)(13z +3) 3z —52z =-49z 


26z? + 98z -24 =2(z +4)(13z — 3) 


The GCF is 2. 262? + 98z —24 = 2(13z7 +49z - 12) 


Factor the trinomial. 


Positive 


Factors of 13: 1, 13 Factors of —12: 


Trial Factors 
(iz -1)(13z +12) 
(lz +12\13z -1) 
(lz +1\13z -12) 
(lz —12)(13z +1) 
(iz —2)(13z +6) 
(lz +6)(13z — 2) 
(iz +2)(13z - 6) 
(lz —6)(13z +2) 
(lz —3)(13z +4) 
(iz +4)(13z —3) 
(lz +3)(13z -4) 
(iz —4)(13z +3) 


Middle Term 
2z -13z =-z 

—z +156z =155z 
—12z +13z =z 

z —156z =-155z 
6z —26z = -20z 
—2z +78z = 76z 
—6z +26z =20z 
2z —78z = -76z 
4z -—39z =-35z 
—3z +52z = 492 
—4z +39z = 35z 
3z —52z = -49z 


26z? +98z —24 =z +4)(13z - 3) 


The GCF is 2y. 


10y* -44y? +16y =2y (Sy? -22y +8) 


Factor the trinomial. 
Positive 
Factors of 5: 1, 5 


Trial Factors 

(ly -1)Gy -8) 
(ly -8)6y -1) 
(ly -2)5y -4) 
(ly -4)Gy -2) 


Negative 

Factors of 8: —-1, 
22) 

Middle Term 

—8y -—Sy =-13y 

-y -40y =-41y 

—4y -10y =-1l4y 

—2y -20y =-22y 


10y?-44y?+16y =2y(y -4)(5y -2) 


-1, +12 
-12 


28 
4 


177 
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63. 


67. 


gle 


73. 


The GCF is yz. 65. 

4yz3 +5yz? —6yz = yz(4z? + 5z ~6) 

Factor the trinomial. 

Positive 

Factors of 4: 1,4 Factorsof -—6: -1, +6 

DD +1, -6 

—2, +3 
+2, -3 

Trial Factors Middle Term 

(Iz —1)(4z +6) Common factor 

(iz +6)(4z -1) -—z +24z =23z 

(lz +1\4z —6) Common factor 

(lz —6)(4z +1) z —24z =-23z 

(lz —2)(4z +3) 3z —8z =-Sz 

(lz +3)(4z -2) Common factor 

(Iz +2)(4z —3) —3z +8z =5z 

(iz —3)(4z +2) Common factor 

(2z —1)(2z +6) Common factor 

(2z +1)(2z -6) Common factor 

(2z —2)(2z +3) Common factor 

(2z +2)\(2z — 3) Common factor 

4yz? +5yz? —6yz = y2(z +2)(4z — 3) 

The GCF is y. 69. 

9x *y —30xy? 25 yo = y (ox — 30xy +25y’) 

Factor the trinomial. 

Positive Negative 

Factors of 9: 1,9 Factors of 25: -1, —25 

3.8 -5, -5 


Trial Factors 

(ix — ly )Qx —25y) 
(Ix — 25y )(9x -ly) 
(1x — 5y )(9x - Sy) 
(3% —ly 3x —Z5y ) 
(3x —Sy 3x —5y) 


Middle Term 

—25xy —9xy =—34xy 
—xy ~225xy =-226xy 
—5xy —45xy =—50xy 
~75xy —3xy =—78xy 
-15xy —15xy =-30xy 


9x ?y -30xy? +25y? = y (3x — Sy (3x - Sy) 


6x? —17x +12 
6:12=72 


5b? +33b -14 
5(-14) = -70 


The GCF is 3a. 42a° 


Factor the trinomial. 
Positive 
Factors of 14: 1, 14 


PR 


Trial Factors 
(la —1)(14a +9) 
(la + 9)(14a — 1) 
(la +1\14a - 9) 
(la — 9)(14a +1) 
(la — 3)(14a +3) 
(la +3)(14a — 3) 
(2a —1)(7a +9) 
(2a +9\7a -1) 
(2a +1)(7a —9) 
(2a — 9)(Ja +1) 
(2a — 3)(7a +3) 
(2a +3\7a — 3) 


Chapter 7: Factoring 


+45a? —27a = 3a(14a’ +15a —9) 


Factors of —9: -1, +9 
+1, -9 


—3, +3 


Middle Term 
9a -14a = —Sa 
—a +126a =125a 
—9a +14a =Sa 
a -126a =-125a 
—3a +42a = 39a 
3a — 42a = -39a 
18a —7a =1la 
—2a +63a =6la 
-18a+7a =-lla 
2a - 63a =-61la 
6a —21la =-15a 
—6a +21a =15a 


42a? +45a? -27a = 3a(2a + 3)(7a - 3) 


The GCF is xy. 


9x 4y —24x7y? +16xy? = xy (9x" —24xy +16y a) 


Factor the trinomial. 
Positive 
Factors of 9: 1,9 


sh 3 


Trial Factors 

(lx — ly )(Qx —16y ) 
(lx -16y )(9x -ly) 
(lx —2y )(9x -8y ) 
(lx — 8y (9x -2y) 
(lx —4y (9x —4y ) 
(3x —1y )(3x —16y ) 
(3x —2y )(3x - 8y) 
(3x —4y )(3x -—4y ) 


Negative 

Factors of 16: -1, -—16 
-2, -8 
-4, -4 


Middle Term 

—l6xy -—9xy = -—25xy 
—-xy —144xy =-145xy 
—8xy —18xy =-—26xy 
—2xy —72xy =—-74xy 
—4xy —36xy =—40xy 
-48xy —3xy =—Slxy 
—24xy -—6xy = -—30xy 
—12xy -—12xy =-24xy 


9x 2y —24x7y? +16xy ? = xy (3x -4y )Bx -4y) 





Factors of 72 whose sum is —17: —9 and -8 
6x? -17x +12 = 6x? -—9x -—8x +12 =3x(2x —3)-4(2x —3) =(2x -3)(3x - 4) 


Factors of —70 whose sum is 33: 35 and —2 
Sb? +33b —14 = 5b? +35b — 2b -14 = 5b(b +7) -2(b +7) = (6 +7)(Sb — 2) 


Obdjective B Exercises 
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Section 7.3 


75. 


tae 


79: 


81. 


83. 


85. 


87. 


89. 


91. 


93. 


95. 


97. 


99. 


101. 


103. 


105. 


107. 


109. 


6a? +7a-—24 
6(-24) = -144 


4z74+11z +6 
4.6=24 


22p" +51p -10 
22(-10) = -220 


8y > +17y +9 
8-9=72 


te = 5 
18(-5) = -90 


6b* +71b -12 
6(-12) = -72 


9x7 4+12x +4 
9-4 =36 


6b? —13b +6 
6-6 = 36 


33b? +34b —35 
33(-35) = -1155 


18y?-39y +20 
18-20 = 360 


15a? +26a —-21 
15(-21) = -315 


By? —26y +15 
8-15 =120 


8z7 422-15 
8(-15) = -120 


15x? -82x +24 
15-24 =360 


10z? —29z +10 
10-10 =100 


36z7 +72z +35 
36-35 =1260 


3x7 +xy -—2y? 
3(-2) =-6 


3a? + 5ab —2b? 
3(-2) = -6 
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Factors of -144 whose sum is 7: 16 and ~9 
6a? + 7a — 24 = 6a? +16a — 9a — 24 = 2a(3a + 8) - 3(3a + 8) = (3a + 8)(2a — 3) 


Factors of 24 whose sum is 11: 8 and 3 
4z? 411z +6=427? +8z +32 +6 =42z(z +2)+3(@ +2)=(z +2)(4z +3) 


Factors of -220 whose sum is 51: 55 and 4 

22p’?+5ip -10=22p? +55p —4p -10=11p(QQp +5)-2(2p +5) 
=(2p +5). 1p -2) 

Factors of 72 whose sum is 17: 9 and 8 


By? +17y +9 =By? +8y +9y $9 =8y(y +1)+9(y +1) =(y 41)(8y +9) 


Factors of -90 whose sum is ~9: -15 and 6 
187-9 —5=1&7?-15t +6¢ —5 = 3¢ (6f — 5) +1(@ —5) = (6 — 5)(3t +1) 


Factors of -72 whose sum is 71: 72 and —1 
6b? +71b -12 = 6b” +72b —b -12 = 6b(b +12) -1(b +12) = (b +12)(6b -1) 


Factors of 36 whose sum is 12: 6 and 6 
9x? +12x +4 = 9x? +6x +6x +4 = 3x (3x +2)+2(3x +2) = (3x +2)(3x +2) 


Factors of 36 whose sum is —13: —9 and -4 
6b? —13b +6 = 6b? -9b — 4b +6 = 3b(2b — 3) —2(2b —3) = (2b — 3)(3b — 2) 


Factors of -1155 whose sum is 34: 55 and -21 
33b? +34b — 35 =33b? +55b -21b — 35 =11b(3b +5)—7(3b +5) = (3b +5)(11b -7) 


Factors of 360 whose sum is —39: —24 and -15 
18y?-39y +20 =18y * -24y -15y +20 = 6y 3y — 4)-SBy —4) =(3y —4)(6y —-5) 


Factors of —315 whose sum is 26: 35 and —9 
15a? +26a - 21 = 15a? +35a -9a — 21 = Sa(3a +7) — 3(3a +7) = (3a + 75a — 3) 


Factors of 120 whose sum is —26: —20 and -6 
8y ?—26y +15 =8y? -20y —6y +15 =4y (2y —5)-3(2y — 5) =(2y —5)(4y —3) 


Factors of —120 whose sum is 2: 12 and -10 
82? +2z -15 = 82? +12z -10z -15 = 42z(2z +3) -5(2z +3) =(2z +3)(4z —5) 


Factors of 360 whose sum is —82: none 
Nonfactorable over the integers. 


Factors of 100 whose sum is -29: -25 and-4 
10z* - 292 +10 = 10z? —25z -4z +10 = 5z(2z —5)—2(2z - 5) = (2z - 5)(5z —2) 


Factors of 1260 whose sum is 72: 30 and 42 
36z* +72z +35 =36z* +30z +42z +35 = 6z(6z +5) +7(6z +5) =(6z +5)(6z +7) 


Factors of -6 whose sum is 1: 3 and —2 
3x? +xy —2y? =3x? +3xy —2xy -2y? =3x(x +y)—2y(x +y)=(a +y Bx -2y) 


Factors of -6 whose sum is 5: 6 and —-1 
3a? + 5ab -2b* = 3a? +6ab —ab — 2b? = 3a(a +2b)— b(a +2b) = (a + 2b)(3a —b) 
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111. 


113. 


115. 


117. 


119. 


121. 


123. 


125. 


127. 


129. 


131. 


133. 


4y?-1lyz +627 
4:6=24 


284+3z-z? 
28(-1) = -28 


S—7x =x" 
8(-1)=-8 


9x? +33x - 60 
Common factor 3: 


3(3x? +11x —20) 
3(-20) = -60 


24x? -52x +24 
Common factor 4: 


4(6x? —13x +6) 
6.6 = 36 


35a‘ +9a> -2a? 
Common factor a? : 
a?(35a? +9a ~2) 
35(-2) = -70 


15b? —115b +70 
Common factor 5: 


5(3b? -23b +14) 
3-14=42 


3x? -26xy +35y? 
3-35 =105 


216y? -3y -3 
Common factor 3: 
3(72y a_y- 1) 
72(—1) = -72 


oh ameliy ue a 
21(-1) = -21 


15a? +1lab -14b? 
15(-14) = -210 


33z -82z7?-z ss 
Common factor z: 
z(33-&z -z’) 
33(-1) = -33 


Chapter 7: Factoring 
Factors of 24 whose sum is —11: -8 and -3 
4y? -llyz +62? =4y? - 8yz —3yz +627 =4y (y - 22) -3z(y - 22) =( —22)(4y — 32) 


Factors of -28 whose sum is 3: 7 and 4 
28432 —22 =-22 43z +28 =-27 +72 —4z +28 =-2(z +4) +72 +4) =-(@ -7)z +4) 


Factors of -8 whose sum is —7: -8 and 1 
8—Tx —x2 =—x2—Tx +8=-x? -8x +x +8 =—x(x -1)-8(x -1)=-(@ — 1) +8) 


Factors of -60 whose sum is 11: 15 and-4 
3(3x? +11x -20)=3(3x? +15x —4x —20)=3[3x(x +5)—4(x +5)] = 3@ +5)Gx —4) 


Factors of 36 whose sum is —13: —9 and +4 
4(6x? -13x +6)=4(6x? -9x —4x +6) =4[3x (2x - 3)-2@Qx —3))=42x —3)3x -2) 


Factors of -70 whose sum is 9: 14 and —5 
a? (35a? + 9a -2)=a"(35a? + 14a — 5a —2) =a"[Ta(Sa +2) 1a +2)]=a7(Sa +2X7a -1) 


Factors of 42 whose sum is —23: —21 and -2 
5(3b? — 23b +14) = 5(3b? —21b - 2b +14) =5[3b( -7)-26 - 7)]=56 —7)(3b —2) 


Factors of 105 whose sum is —26: —21 and —5 


3x? ~25xy +36y? =3x7—21xy —5Sxy +35y* =3x(x — 7Ty)-5y (x -— Ty) = (x — Ty (3x -Sy) 


Factors of -72 whose sum is -1: —9 and 8 


3(72y 7 -y -1)=3(72y? -9y +8y 1) = 3[9y (By -1)+1(8y — 1] =38y - Oy +1) 


Factors of -21 whose sum is -20: —21 and 1 
21-20x —x? =—-x?-20x +21=—-x2 +x —21x +21 =—x(x +21) +(% +21) = —-(% -1)@ +21) 


Factors of -210 whose sum is 1: 21 and -10 
15a? +1lab -14b? = 15a? +21ab —10ab -14b? = 3a(Sa +7b) — 2b (5a + 7b) = (Sa +76 (3a — 2b) 


Factors of -33 whose sum is -8: —11 and 3 
2(33- 82-2?) =-2(2? +8z - 33) =-z[z? +1 lz — 32-33] = -2[z(@ - 3) +11@ -3)] 
=-z(z +11)(z -3) 
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Section 7.4 


135. 


139. 


41. 


3(a +2)’ -(a +2)-4 Let x =a+2 
=3x?-x-4 

= (3x -44)(x +1) 

= (3a +2)-4]a+2+1] 

= (3a +6-4)(a +3) 

= (3a + 2)(a +3) 


3x? +kx +2 

Shea 10 

Factors of 6 Sum 
+1, +6 +7 
-1, -6 -7 
+2, +3 +5 
-2, -3 —5 

k can be 7, -7, 5, or —5. 


4=(2)"; 25x° =(5x°)*; 100x4y4 = (10x?) 
9a7b? 

4x? -1=(2x)' -1? = (2x +1)(2x -1) 

1-9a? =1? -(3a)’ =(1+3a)(1 - 3a) 

x? +4 is nonfactorable over the integers. 
Aiea | =(a") Ae =(a” +1)(a” -1) 

b*-2b +1=(6 -1) 

4a? +4a —1 is nonfactorable over the integers. 
x? +6xy +9y? =(x +3y)’ 


x7" 46x” +9=(x" +3) 
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Applying the Concepts 


137. 2x? +kx +3 


35. 


39. 


PISERIENS 

Factors of 6 Sum 
+1, +6 +7 
-1, -6 -7 
+2, +3 oe 
-2, -3 -5 


k can be 7, —7, 5, or —5. 





Ondjective A Exercises. 





4z* 

x? -16=x7-47 =(x +4)(x - 4) 

16x? —121= (4x)? -11? = (4x +11)(4x - 11) 
xy? 100 = (xy )’ - 107 = (xy +10)(xy -10) 
25-a7b* = 5? -(ab)’ =(5+ab\(5—ab) 
x?-12x +36 =(x -6) 

16x? — 40x +25 =(4x -5)’ 

b? +7b +14 is nonfactorable over the integers. 
25a? —40ab +16b? = (Sa — 4b) 


(x -4) -9=[(x -4)—-3]f@ -4)+3] 
=(x -4-3Xx -44+3)=(¢ -7)\x -D 


(x -y)'-@+b) =[(x -y)-@ +b) —y)+(@+b)]=( -y -a-b)x -y +a +b) 
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Obdjective B Exercises 


43.  8=(2); x =(x°)?; 278d"? = (3c°d*y 450° 725° 

47. 4ab° 49, x°-27=x°-3? =(x -3)(x7 +3x +9) 

$1. 8x?-1=(Qx)-1? =(2x - 14x? +2x +1) 53. x? -y?=(-y)(x? +27 +’) 

55. m?>+n>=(m +n\(m?>—mn +n’) 57, 64x?4+1=(4x) +1 =(4x +1)(16x? - 4x +1) 


59, 27x3-8y? =x) -(Qy)? =Gx —2y (9x? +6xy +4y7) 61. x3y3 +64 =Cryy +4? =(xy +4)(x72y? —4ay +16) 


63. 16x°>-y° is nonfactorable over the integers. 65. 8x>-—9y°> is nonfactorable over the integers. 
67, (a-b)>-b? =[(a@-b)-b](a-b) +5(a-6)+0"| 69, x8 ty a(e)P ¥(y") 
= 2 2 2 2 n n n n n n 
= (a - 2b)(a? - 2ab +b? +ab -— b? +b”) = (x +y")x" —x™y" +y™) 


= (a -2b)(a? — ab +b’) 
WM: te +8=(x") +23 =(x” +2)(x” —2x” +4) 


Objective C Exercises 





73. Letu =xy. 75. Letu=xy. 
xy? —8xy +15 =u? -8 +15=@ —5)u -3) x?y*-17xy +60 =u? -17u +60 =u -12)u —5) 
=(xy -5)@y -3) =(xy -12)(xy —5) 
77. Letu =x’. 79. Letu=b°. 
x4-9x7418 =u? -9u +18=(u -3)u -6) b4 -13b? -90 =u? ~13u -90=(u +5)u -18) 
= (x? -3)(x? -6) = (b? +5)(b? -18) 
81. Letu=x’y?. 83. Letu=x". 
xty4—8x2y2 412 =u? - Bu +12 =(u -2)u -6) x" 43x"+2=u7+3u +2=(4 +1)u +2) 
=(x2y?—2\(x2y?-6) = (x” +1)(x" +2) 
chy Ish Sg) 2 87. Let u=ab. 
3x2y? —14xy +15 = 3u? -14u +15 =(Gu —5Xu -3) 6a2b* —23ab +21 = 6u? —23u +21 = (Qu —3)(3u —7) 
= (3xy —5\xy -3) = (2ab — 3X3ab —7) 
89. Letu=x?. 91. Letu =x". 
2x 4 -13x? -15 =2n? -13u -15=(u +1)(u -15) 2x?” — 7x" +3 =2n? —Tu +3 = (Qu -1)u -3) 
= (x? +1)(2x?-15) = (2x" -1\(x" -3) 
93. Letu =a". 


6a?" +19a" +10 = 64? +19u +10 = (2u +5)(3u +2) 


=(2a” +5)(3a” +2) 
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95. 


99. 


103. 


107. 


111. 


115. 


119. 


123. 


127. 


129. 





Odjective D _ Exercises - 


12x” —36x +27 = 3(4x? -12x +9) =3(2x -3) 97. 27a* -a =a(27a* -1)=a(3a -1)(9a’ +3a +1) 
20x” -5 = 5(4x? -1) = 5(2x +1)(2x -1) 101. y° +6y*-S5y* =y*(y? +6y -55)=y*(y +11)(y - 5) 
16x* -81=(4x7 +9)(4x7 -9)=(4x7 +9)(2x +3)(2x -3) 105, 16a ~2a* =2a(8-a*) = 2a(2 —a)(4 +2a +a”) 
a°b® —b* =b*(a*b* -1)=b*(@b -1fa’b? +ab +1) 109. 8x‘ 40x? +50x? =2x7(4x? -20x +25) =2x7(2x - 5)’ 


x4 —y4 a(x? +y x? -y)=(x? +y ho +y\(x -y) 113. xo +y%=(x?2) +(y2) =(e2 ty (x4 —x2y? +y4) 


a‘ —25a”~144 is nonfactorable over the integers. 117. 16a*-2a= 2a(8a° = 1) = 2a(2a- 1)(4a° +2a +1) 

24a7b* -14ab* - 9064 = 267(12a? - Jab - 456”) 121, x°-2x?-4x +8=x7(x -2)-4(x ~2)= (a -2)(x? -4) 
= 2b? (3a +5b)(4a - 9b) =(x —2)(x +2)\x -2)=(% -—2)*(x +2) 

Ax? —x? —Ax*y? +y? =x7(4x?-1)—y?(4x? -1) 125. Sigel Dae tlaactese use se (200% +2x” +1)=x(x” +1) 


= (4x7 -1)(x? ~y’) 
= (2x +1)(2x -1)(x +y Xx -y) 


3b"*? +4b"*! 4b” =b"(3b? +4b - 4) =b" (b +2)(3b —2) 


pais 
Applying the  Oireone 





SSEOSSHSSSSHHSSHSHSHSHSHHSHSHSHSSHOHSHHHHHSHHHHHHHHHSHHHHHHSHOOD 


16x? +24x +9 =(4x +3)(4x +3) 
The dimensions of the square are (4x +3) mby (4x +3) m. 


Yes, it is possible for x to equal zero. 
If x =0, then 4x +3 =4(0) +3 =3, and the dimensions are 


3m by 3 m. 
The length of a side must be a positive number. 





Objective A Exercises» 





[y3 (y-5)=0 Ds (z+8)(z—-9)=0 he x(x +2)=0 9. a(a+12)=0 
y=3=0 y-5=0 z+8=0 z-9=0 xa) xt2=0 a=0 a+12=0 

y=3 y= z=-8 z=9 > ne 
ty pines are 3 The soto aay and >: The solutions are —2 and 0. The solutions are 0 and 
; —12. 
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11. 


19. 


27. 


35. 


43. 


t(4t —7)=0 13. 


t=0 4¢-7=0 
4t = 


i 


The solutions are 


zs and 0. 
4 


16x?7-1=0 ai 


(4x -1)(4x +1) =0 
4x-1=0 4x+4+1=0 


4x =1 4x =-1 
1 1 
x=-— x=-— 
4 4 


The solutions are 


{at 


3a? +14a +8 =0 29. 


(3a +2)(a +4) =0 
3a +2=0 a+4=0 
3a =-2 a=-4 
2 


a=-— 


3 
The solutions are 


{a 


a’ -5a=24 37. 


a+3=0 


The solutions are —3 and 8. 


x(x-11)=12 45, 


x’ -1lx=12 

x’ -11x-12=0 

(x+1)(x-12)=0 

x+1=0 x-12=0 
x=-l x=12 


The solutions are —1 and 
12. 


4b (2b +5) =0 
4b =0 2b+5=0 
b=0 2b=-5 


The solutions are (5) 


and 0. 
16x? -49=0 
(4x +7)(4x -—7)=0 
4x +7=0 4x -7=0 
4x =-7 Axe] 
7 7 
x=-— x=— 
4 


The solutions are (2) 


pice: 
4 


6y?-19y +15=0 
(3y —5X2y -—3)=0 
3y -5=0 2y-3=0 


Feeg one 
5 = 
ain 23 


The solutions are —1 and 8. 


y(y+8)=-15 

y? +8y=-15 

y? +8y+15=0 

(y+3 (y+5)=0 

y+3=0 yt5S=0 
y=-3 y=-S 

The solutions are —3 and 

-5, 


15. 


23. 


31. 


39, 


47. 


(b -8)(b +3) =0 17. 


b-8=0 5b+3=0 
b=8 =-3 
The solutions are —3 and 8. 


x? -8x +15=0 25. 


(x —3)(x -5)=0 
x-3=0 x-5=0 

S33) 15 
The solutions are 3 
and 5. 


a’-5a=0 33. 


a(a-—5)=0 
a=0 a-5=0 
a= 


The solutions are 0 
and 5. 


3t? +t =10 41. 


3t? +t -10=0 

(3 —5Xt +2) =0 

3t -5=0 t+2=0 
SY 35) t =-2 
t= 


win 


The solutions are - and 


2. 


p(p -1)=20 49. 


p> -p =20 

p’-p-20=0 

(p +4)(p -5)=0 

p+4=0 p-5=0 
p=-4 p=s5 

The solutions are 

—4 and 5. 


Chapter 7; Factoring 


x?-121=0 

(x +11)(x -11)=0 

x+1l1=0 »x-11=0 
x= it =) 


The solutions are —11 and 
iil. 


z>+z-72=0 

(z +9)(z -8)=0 

z+9=0 z-8=0 
z=-9 Ze 


The solutions are —9 and 8. 


2a’ - 8a =0 
2a(a -4)=0 
2a=0 a-4=0 
a=0 a=4 
The solutions are 0 and 4. 


5t* -16t =-12 
5st? -16t +12 =0 
(St —6)(t —2)=0 


5t+-6=0 t-—2=0 
5t =6 t =2 

6 

t=— 

5 


The solutions are : and 2. 


y(y -8)=-15 

y?—8y =-15 

y? -8y +15=0 

(y -3\y -5)=0 

y-3=0 y-5=0 
pos y =5 

The solutions are 3 and 5. 
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S51. p(p-14)=15 S53. (x+4)(x-1)=14 55. 
p -14p=15 x’ +3x-4=14 
2_14p-15=0 x’ +3x-18=0 
p+1)(p-15)=0 (x+6)(x-3)=0 
p+l=0 p-15=0 x+6=0 x-3=0 
p=-l p=i5 x=-6 es 


59. 


63. 


The solutions are —1 and 


iS: 


The solutions are —6 and 3. 


(2x +5)(x +1) =-1 
2x?7+7x +5=-1 
2x? +7x +6=0 
(2x +3)(x +2)=0 


2x +3=0 


x= 


x +2=0 


x =-2 


The solutions are (5) and —2. 


SOHRHSSHHSSHOHSHSSHSHSHSHHHHSSHHSHSHSHHHSHSSSHSHHHSHSHSHSSHSSSSHOSHHSHOS 


Strategy 


Solution 


The two numbers: x, y 61. 


The sum of the two numbers is eight. The sum 
of the squares of the numbers is thirty-four. 


x+y =8 
y=-x +8 
x? +(-x +8) =34 
2x* -16x +64 = 34 
2x* -16x +30=0 
(2x -—6)(x —5)=0 
2x -6=0 x-5=0 
a mp 5) 
The numbers are 3 and 5. 


185 


(z -8)(z +4) = -35 57. (a +3)(a +4) =72 
z?—4z -32=-35 a’ +7a+12=72 
z*>-42 +3=0 a’ +7a-60=0 
(z -1)( -—3)=0 (a +12)(a —5)=0 
z-1=0 z-3=0 a+12=0 a-5=0 
z=1 Za a=-12 a= 
The solutions are 1 The solutions are -12 and 
and 3. 5. 





Strategy 


Solution 





Obdjective B Exercises | 


The negative number: x 
The square of a negative number is fifteen 
more than twice the negative number. 


eo ar 15 
x?-—2x -15=0 
(x —5)(x +3)=0 
x-5=0 x +3=0 
x=5 x =—5 
Because 5 is not a negative number, it is not a 
solution. The number is —3. 
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67. 


69. 


73. 


th 





Strategy The length of the rectangle: x 65. 
The width of the rectangle: y 
The length of a rectangle is 8 cm more than 
three times the width. The area of the 
rectangle is 380 cm”. 
Solution x=3y+8 
xy = 380 
(3y +8)y = 380 
3y? +8y = 380 
3y? +8y—372 =0 
(3y +38)(y-10) =0 
3y +38=0 y-10=0 
38 
=—— =10 
Ly 3 y 
Sha} war: 
Because — ae is not positive, it can not be a 
solution. Therefore the width is 10 cm and the 
length is 38 cm. 
Se nn 71. 
4, 
ga 
342 =n’ +n 
n> +n-342=0 
(n+19)(n—18)=0 (n21) 
n=18 
Eighteen consecutive numbers beginning with 1 give a sum of 
Pale 
S =vt +16? dss 
320 = 16t +1617 
16? +16 -320=0 
16(¢7 +2 -20)=0 
¢ +5)¢ -4)=0 ¢ 20) 
£=4 
In 4 s the object will hit the ground. 
Strategy The height of the triangle: h 79. 
The length of the base of the triangle: 6b 
The height of a triangle is 4 m more than twice 
the length of the base. The area of the triangle . 
is 35cm’. 
Solution h=2b+4 
0.5bh = 35 
0.5b(2b +4) =35 
b? +2b =35 
b? +2b-35=0 
(6+7)(b-5)=0 
b+7=0 6b-5=0 
b=-7 b= 


Because —7 is not positive, it can not be a 
solution. Therefore the base is 5 m and the 
height is 14 m. 


Chapter 7: Factoring 


Strategy The two numbers: x, y 
The sum of the squares of two consecutive 
positive even integers is one hundred sixty- 
four. 
Solution x? +y? =164 
spat) = y 
x? +(x+2)° =164 
2x? +4x+4=164 
2x” +4x-160 =0 
(2x + 20)(x-8) =0 
2x +20=0 x -8=0 
x =-10 x =8 
Because —10 is not positive, it can not be a 
solution. Therefore the numbers are 8 and 10. 
_t-t 
2 
Mae 
? 
90 =t? -t 
? -t-90=0 
(t+9)(t-10)=0 (t21) 
Fa) 


There are 10 teams in the league. 


h=vt-160? 

64 = 64t - 161? 
16t? - 64t +64 =0 
16(¢? —-41+4)=0 
(t-2)(t-2)=0 


In 2 s the bail will be 64 ft above the ground. 


Strategy The width of the border: w 
The garden measures 8 ft by 10 ft. A uniform 
border increases the area to 143 ft?. 
Solution (2w +8)(2w +10) = 143 


4w? +36w +80=143 
4w?> +36w -63=0 
(2w +21)(2w -3)=0 
2w +21=0 2w -3=0 
w =-11.5 Wo ae 
Because —11.5 is not positive, it can not be a 


solution. Therefore the width is 
iorpae 
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81. Strategy e Radius of the original circle: r 

Radius of the larger circle: 3+r 

e To find the radius of the original circle, 
subtract the area of the small circle from 
the area of the larger circle and set equal 


to 100. 


000G 0008S HHH HHSHHHHHHHHHTHHHHHHHHHHHHHHHHHHSTHHHHHOOSED 


Width of cardboard: W 

Length of cardboard: W +10 

Volume of box: 192 in. 

Height of box: 2 in. 

Length of box: W +10-4=W +6 

Width of box: W -—4 

The equation for the volume of a box is 

V =L-W -H.. Substitute in the equation and 
solve for W. 


83. Strategy 


85. (x + 3)(2x -1)=(3-x X5-3x) 
2x? +5x —3=15-14x +3x? 
—x? +19x -18=0 
x? -19x +18 =0 
(x -—1)(x -18)=0 
x-1=0 x-18=0 
sy Il 59 ES Its! 
The solution is 1 or 18. 


Solution 


187 


A, - A, =100 
m3+r)-ar? =100 
m9+6r +r?)-xr? =100 
9n+6ar+ar*>-xr* =100 
9x+6zr =100 

6zr =100-9z 

ae 100 -9z 

6x 


r =3.805 ~3.81 
The radius of the original circle is 3.81 in. 


Applying the Concepts 





Solution 


V=LW -H 
192=W +6)W -4)Q) 
192=W?+W -24)2 
192=W*+4W -48 
0=W’?+4W -240 
0=2W ?+W -120) 
0=2W +12)\W -10) 
W +12=0 W -10=0 
W =-12 W =10 
Since the width cannot be a negative number, 
—12 is not a solution. 
W =10 
W +10=10+10=20 


The length of the piece of cardboard is 
20 in. The width is 10 in. 
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10. 


12. 


14. 


5x>+10x? +35x 2 12a*b +3ab? 


The GCF is 5x: Sx(x7 + 2x +7) 


4x (x —3)-5(33 —x)=4x(x —3)+5(x — 3) 
=(x —3)(4x +5) 


2lax —35bx -10by + 6ay = 7x (3a —5b)+2y (-Sb + 3a) 
= 7x (3a —5b)+2y (3a - 5b) 
= (3a — 5b)(7x +2y) 


oc? +8c +12 
Factors of 12 whose sum is 8: 6 and 2 
c? +6c +2x +12 =c(c +6) +2(¢ +6) =(c +6)(c +2) 


3a? ~15a - 42 

The GCF is 3: 3(a” - 5a -14) 

Factors of -14 whose sum is —5: —7 and 2 

3(a’ - 7a +2a -14) = 3[a(@ - 7) +2@ -7)] =3(@ -7)a +2) 


Wo on ean 

The GCF is n?: n*(n? —2n -3) 

Factors of -3 whose sum is —2: —3 and 1 
n(n? -3n +n -3)=n7[n(n —3)+1(n — 3)] 


=n?(n —3)(n +1) 


12y?+16y -3 
Factors of 12 
land 12 

2 and 6 

3 and 4 

Trial Factors 
(3y +1)(4y -3) 
(3y -1)(4y +3) 
(2y + 1)(6y -3) 
(6y —1)(2y +3) 
12y*+16y —3 =(6y -1)Qy +3) 


Factors of —3 
land —3 
—] and 3 


Middle Term 
-9y +4y =-5y 
2yi= Ay aay 
-6y +6y =0 
18y -—2y =16y 


The GCF is 3ab: 3ab(4a +b) 


11. 


13. 


15. 


Chapter 7: Factoring 





Chapter Review 


3. 14y°-49y°+7y? 
The GCF is 7y?: 
Ty 3(2y° -Ty? +1) 


10x? +25x +4xy +10y =5x(2x +5)+2y (Qx +5) 
= (2x +5)(Sx +2y ) 


b* -13b +30 
Factors of 30 whose sum is —13: —10 and -3 
b? —10b — 3b +30 = 5(b — 10) — 3(b — 10) = (b - 10) ~ 3) 


y? +5y -36 
Factors of -36 whose sum is 5: 9 and 4 
py? +9y -4y -36=y(y +9)-40y +9) =(y +9) -4) 


4x? -20x* —24x 
The GCF is 4x: 4x(x7-5x -6) 
Factors of -6 whose sum is —5: -6 and 1 
4x (x? -5x -6)=4x(x?-6x +x -6) 
=4x [x(x -6)+1@ -6)]=4x(@ -—6Xx +1) 


6x? — 29x +28 

Factors of 6 Negative Factors of 28 

land 6 —-land -28 

2 and 3 —2 and -14 
-4and -7 

Trial Factors Middle Term 

(x -1)(6x -28) -28x —6x =-34x 

(x -4X6x -7)  —-7x -—24x =-31x 

(2x -1X3x -—28) -5S6x —6x =-62x 

(2x —4)3x -7)  -14x -12x =-26x 

(2x -7)(3x -—4)  -8x -21x =-29x 


6x? —29x +28 =(2x —7\3x —4) 


2x? -5x +6 
Factors of 2 


land 2 


Negative Factors of 6 
—land -6 

—2 and —3 

Middle Term 

—6x —2x =-8x 

—3x -4x =-7x 

(2x -1Xx -6) -12x -x =-13x 

(2x —2)(x -—3) -6x -2x =-8x 

2x? ~5x +6 is nonfactorable over the integers. 


Trial Factors 
(x -1)Qx -6) 
(x —2)(2x -—3) 
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16. 3x? -17x+10 17. 2a’-19a-60 
3-10 =30 2(-60) = -120 
saat of 30 whose sum is -17: -15 and -2 Factors of -120 whose sum is -19; -24 and 5 
3x0 —15x ~2x +10 = 3x(x —5)— 2x — 5) = (x — 5)(3x -2) 2a? — 24a + 5a - 60 = 2a(a — 12) + 5(a — 12) = (a -12)(2a +5) 
3x? -17x +10 =(x —5)(3x -2) 2a? — 19a - 60 = (a -12)(2a +5) 
18. 18a? -3a-10 19. Letu =xy. 
18(-10) = -180 x*y?-9=u?-9=(@ +3) -—3)=(ay +3)(xy -3) 


Factors of -180 whose sum is —3: -15 and 12 
18a? -15a+12a-10= 3a(6a —5)+2(6a -5) 
=(6a—5)(3a+2) 
18a? -3a-10= (6a -5)(3a +2) 


20. 4x7 412xy +9y? =(2x +3y)? 21. Letu =x". 
x” 12x” +36 =u? -12u +36 =(u —6)' =(x” -6) 
22. 64a? -276? =(4a)’ - (36) 23. Letu =x". 
= (4a - 3b)(16a” +12ab + 9b”) 15x4+x7-6=15u? +u -6 =(3u +2)(Su - 3) 
= (3x 2 +2)(5x — 3) 
24. Letu=x’y?. 25. 3a°-15a*-18a” =3a?(a* - 5a? -6) = 3a°(a* - 6a’ +1) 


21x *y 4 +23x2y?+6=2lu? +23u +6 =(7Tu +3)(3u +2) 
= (7x ay +3)(3x7y? +2) 


26. 4x? +27x=7 27. (x+1)(x-5)=16 
4x” +27x-7=0 x? —4x-5=16 
(4x-1)(x+7) =0 x’ -4x-21=0 


(x-7)(x+3) =0 

x~7=0 x+3=0 
sy ee 

The solutions are 7 and -3. 


4x -1=0 +x+7=0 
Ape Sl x=-7 
1 


Pied 


The solutions are - and —7. 


28. Strategy e Width: x 29. Strategy e Width of the picture frame: x 
Length: 2x —20 New width: 12+2x 
e Use the equation for the area of New length: 15+2x 
arectangle: A =LW e Use the equation for the area of a 
rectangle. 
Solution Va A Solution LW=A 
x (2x ~20) = 6000 (12 +2x)(15 + 2x) =270 
2 180 + 24x+30x+4x* =270 
2x * —20x — 6000 =0 4x? +54x-90=0 
2(x? -10x - 3000) = 0 2(2x? oe 
Ax -60\Xx +50) =0 2(2x-3)(x+15) =0 
x-60=0 x+50=0 2x -3=0 x+15=0 
r= 00) x =-50 Deis x =-15 
Because the width of a rectangle x =15 
cannot be a negative number, -50 is Because the width of a picture frame cannot be 
not a solution. 2x —20=120-20=100 a negative number, —15 is not a solution. The 
The width is 60 yd and the length is 100 yd. width of the frame is 1.5 in. 
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30. Strategy e Side of original square: x 
Side of new square: x +4 
e Use the equation for the area of a square. 


Solution =A 


(x+4)° =576 
x’ +8x +16 = 576 
x’ +8x — 560 =0 
(x +28)(x ~ 20) =0 (x > 0) 
x = 20 
The side of the original square is 20 ft. 





PCCOOHSOSHOHTSOSHRSSESSHSOHH OOOO HOOOHSHODEOODEEECLOSE : Chapter Test 
1. ab +6a —3b -18 =a(b +6)-3(6 +6) =(6 +6)@ —-3) p), 2y*-14y*-16y” =2y7(y? -7y -8)=2y72y +1Xy -8) 
3 8x? +20x —48 4. There is no common factor. 
8(-48) = -384 Factor the trinomial. 
Positive 
Factors of —384 whose sum is 20: 32 and -12 Factors of 6 Positive Factors of 8 
8x7 +20x — 48 =8x" —12x +32x -48 Vand land e 
=4x (2x —3)+16(2x —3) 2 and 3 2 and 4 
= (4x +16)2x -3)=4(@ +4)Qx -3) Trial Factors Middle Term 


(x+1)(6x+8) 8x+6x=14x 
(x+8)(6x+1) x+48x=49x 
(2x+1)(3x+8) 16x+3x=19x 
(2x+8)(3x+1) 2x+24x=26x 


6x? +19x +8 =(2x +1)3x +8) 


5. Factors Sum 6. 6x? —8x?+10x =2x (3x? Ay +5) ip Factors Sum 
-1,-48 -49 -1,+15 +14 
—2,-24 -26 +1,-15 -14 
—3,-16 -19 -3,+5 +2 
-4,-12 -16 +3, -—5 —2 
5 EIA 


x? +2x -15=(x +5)(x -3) 
a’ -19a +48 =(@ -3Xa - 16) 


8. 4x*-1=0 9. 5x? -45x -15=5(x?-9x-3) 10. yp? +12p +36 =(p +6)" 
(2x -1X2x +1) =0 
2x-1=0 2x +1=0 


x=— x=-— 
2 Z 
: 1 1 
The solutions are (5. ~ >}: 
Z 2 
11. x(x —8)=-I15 12, 3x? 412xy +12y? = 3(x? +4xy +4y’) 
Ses me 
ee ie 3(x +2y Xx +2y)=3(x +2y) 
x*—8x +15=0 
(x -3)(x -5)=0 
3 0 0 
tio es 


The solutions are 3 and 5. 
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Chapter Test 


13. 


15. 


18. 


Zi. 


24. 


27x° —8 =(3x)° —2? = (3x -2)(9x? + 6x +4) 14, 6x2y249xy? +3y? 
Factors of 2 whose sum is 3: 2, | 


Let u =a 


Common Factor 3y? : 


3y? (2x? +3x +1) 
2-2=2 


3y 2x +3x +1)=3y*(2x? +2x +x +1) 
= 3y7(2x (x +1) +(x +1) 
= 3y (2x +1Xx +1) 


16. a(x -2)+b(@ -2)=(% -2)(a+b) 17. 


6a‘ —13a? —5 =6u? -13u—5 


=(2u-5)(3u+1 
= ae 


3a” —75 = 3(a? -25) 19. There is no common factor. 20. 
Gar 5) Factor the trinomial. 
AG A Factors of 2 Factors of -5 
land 2 -land 5 
land —5 


Trial Factors Middle Term 
(x —1)(2x +5) Sx -—2x =3x 
(x +1)(2x -—5) -5x +2x =-3x 


2x? +4x —5 is nonfactorable 
over the integers. 


x(p +1)-( +) =(p + DG -1) 


Factors Sum 


-1,+36 435 
+1, -36 -35 
—2,+18 +16 
+2,-18 -16 
3 rid 49 
+3,-12 -9 
—4.4+9 +5 
4,-9 -5 
-6, +6 0 


x*-—9x -36=(x +3)(x -12) 


4a” —12ab +9b? =(2a - 3b) 22, 4x?-49y? =(Qx +7y)Qx -7y) 23. (@a-3Xa+7)=0 
2a-3=0 a+7=0 
a=— a=-7 
2 
The solutions are - and 7. 
Strategy The length of the rectangle: x 25. Strategy The two numbers: x, y 
The width of the rectangle: y The sum of the two numbers is ten. 
The length of a rectangle is 3 cm more than The sum of the squares of the two numbers is 
twice its width. The area of the rectangle is fifty-eight. 
90 cm”. 
Solution x +2y =3 Solution x+y =10 
xy = 90 y =-x +10 
Qy +3)y =90 x? +y?=58 
2y? +3y =90 x? +(-x +10)? =58 
2y?+3y -90=0 2x* -—20x +100 =58 
Qy +15)\y -6)=0 2x? -20x +42 =0 


2y+15=0 y-6=0 


(2x -6)\(x -7)=0 


y =-75 y =6 2x -6=0 x-7=0 


Because —7.5 is not positive, it can not be a 
solution. Therefore the width is 6 cm and the 
length is 15 cm. 
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The numbers are 3 and 7. 
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1, 


3: 


5: 


10. 


13. 


SOHSSHSSHSHSSHSHSSHSSSHSSSHHHSHSHSSSHSHSHSSHHHSSSHESHHSOEHSSOES 


-2 -(-3)-5-(-11)=-24+3-5411=1-5+11 2, 


=-44+11=7 


~2a? + (2b) -¢ = -2(-4)’ +[2(2)]-(-)=-2016) +441 4. 


age Aa 8 le 7 


























Chapter 7: Factoring 





Cumulative Review 


(3-7) + (-2)- 3(-A) = (4 + (-2)-3(4) 
=16+(-2)—(-12)=-8 +12 =4 






































—2[4x —2(3 -2x )- 8x ]=-2[4x -6+4x -8x]=-2[-6] 6. ~S = = 
Sue 2 5 ) if a 
——|-—x = ——| — 
5 Si Bl 
2, 
x= 
3 
lee? 
The solution 1s = 
3x -2=12-5x 8. -2+4[3x-2(4-x)-3 =4x+2 9. IP ofb} SA 
3x +5x =12+2 -2+4[3x-8+2x-3 =4x+2 120%-B =54 
8x =14 -2+4[5x-11 =4x+2 12B =54 
—2+20x-44=4x+2 
areca 20x - 46 = 4x +2 Balt 
g 4 aa 12) 
eee ete BAS 
The solution is ae The solution is 3. 
f(x)=-x? +3x-1 11, 12. 
f @)=-Q) +3Q)-1 
fQ)=4+6-1 
f(2)=1 
o 
Ma > (x), y,) =(-3, 4) 14. (1) 8x —y =2 
3 
Be ill 2G) (2) y =5x +1 
ie > : Substitute in equation (1). 
4 [23] 8x —(Sx +1)=2 
5 8x —S5x -1=2 
Vege a +3) 3x =3 
2 cal 
v4 ao +2 Substitute in equation (2). 
5 8p api 
ee th y=s+l 
yes 


The equation of the line is y = =x +6. 


The solution is (1, 6). 
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Cumulative Review 


15. 


17, 


19. 


21. 


(1) 5x +2y =-9 re 


(2) 12x'—Ty = 2 
Eliminate y and add the equations. 
7(5x +2y ) =-9(7) 35x + 14y = -63 
2(12x - 7y ) = 2(2) 24x -l4y = 4 
59x = —59 
x= -l 
Replace x in equation (1). 
5x +2y =-9 
-5+2y =-9 
2y =-4 
y =-2 
The solution is (-1, — 2). 


oe Sx 4+ 4 18. 


(xy We =x y= a 20. 
x 


15xy? -20xy 4 22 


The GCF is 5xy?: Sxy7(3-4y’) 


3x?7+4+19x -14=0 24. 


(3x —2)(@ +7)=0 
Scie 0 x +7 =0 


3x =2 x=-7 


The solutions are : and —7. 


(-3a3b?)’ = (-3)a%b4 = 9a°b! 


4x +8 

D5 ~3)8x? + 4x -3 
8x? —12x 

16x - 3 

16x -—24 

21 








(8x? +4x -3)+(Qx -3)=4x +8+— 
PA aE) 


3a —3b —ax +bx =3 -b)-x@-b)=(a-b)3-x) 


x? —S5xy -14y? 

Factors of -14 whose sum is —-5: -—7 and 2 

x? —Txy +2xy —14y? =x(x —Ty)+2y(x -7y) 
=(x -7y Xx +2y) 


6x? +60 =39x 
6x? —39x +60 =0 
3(2x > -13x +20) =0 


3(2x — 5Xx -4)=0 
2x-5=0 x-4=0 


The solutions are ; and 4. 
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25. 


27. 


28. 


29. 


Strategy 


Solution 


Strategy 


Solution 


Strategy 


Solution 


Strategy 


Solution 


To find the measure of the third 26. 
angle, write and solve an equation 

using the fact that the sum of the 

angles of a triangle is 180° and that 

the measure of a right angle is 90°. 


Strategy 


A+B+C =180° Solution 
A +31°+90°= 180° 
A +121°=180° 
A =59° 
The measure of the third angle is 59°. 


e Shorter piece: x 
Longer piece: 10-x 


Chapter 7: Factoring 


To find the width of the garden, solve the 
formula for the perimeter of a rectangle for W. 


P=2L+W 
86 = 2(28)+W 
86 =56+W 
30=W 


15=W 
The width of the garden is 15 ft. 


e Four times the length of the shorter piece is 2 ft less than three times the length of the longer piece. 


4x = 3(10)—%) 2 
4x =30-3x -2 
ANT= 28-134 
7x =28 
= i4 
10-x =10-4=6 
The shorter piece is 4 ft long and the longer piece is 6 ft long. 


e Amount of additional money: x 


Principal Rate 


Amount at 8% 


Interest 


4000 0.08 0.08(4000) 
Additional amount x 0.11 O0.11x 


e The total annual interest is $1035. 


0.08(4000) + 0.11x =1035 
320+0.11x =1035 
O.11x =715 


x = 6500 
An additional $6500 must be invested. 


e Time driving to resort: x 


Rate Time 


To resort 42 
From resort 56 


e The distances are the same. 


42x = 56(7 -x) 
42x =392-—56x 
98x = 392 
a4 
42x = 42(4) = 168 
The distance to the resort is 168 mi. 


Distance 
42x 
56(7 -x) 
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Cumulative Review 


30. Strategy 


Solution 


e Height: x 
Base: 3x 
e Use the equation for the area of a triangle. 


ey 
2 
= Gx \x) = 24 


x =4 
3x = 3(4)=12 
The base of the triangle is 12 in. 


195 
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Chapter 8 
Rational Expressions 





1 50 Pee ed 3. es eee 4nd ee 
89 6 Sie Sees Tee 6 8 2h 
S39 is 6 20) 3 43 7. aCe tl) =a?) 8. i: le 
8 (eu) a ae ye at 3 Se 2 See 
eh 5t+2t =10 
- 7t =10 
_10 
#) 
9, Strategy Solution 
Rate of the second plane: r 2r +2(r—20) = 480 
Rate of the first plane: r — 20 2r git ee 
= 








r =130 
r—20= 130-20=110 
The rate of the first plane is 110 mph. 
The rate of the second plane is 130 mph. 








Ist plane 2.(r — 20) 


The total distance traveled by the two planes is 480 mi, 
ar + 2(r — 20) = 480 








ions GO Figure 








If 6 machines can fill 12 boxes in 7 minutes, then dividing by 6, each machine can fill 2 boxes in 7 minutes, or each machine can 


fill = of a box per minute. To find the number of boxes that can be filled by 14 machines, multiply the output of each machine, 


= , by 14, or =14 =4. That means that fourteen machines can fill 4 boxes per minute. Multiply by 12 minutes, 4.12 =48. 


Fourteen machines can fill 48 boxes of cereal in 12 minutes. 


noes Section 8.1 samen 








SSCHSSHSSHSSHSSSHHOSHSSHSHSHHSSSHSSSHSHSHSSEHHOSSHOHOSSHSSHSOHGSOSOOE 











3 Lig 3 (x +3) 2-3 

q0 et 24x es 5. =(x +3)? =(@ +3)! 7, 3n-4 _A-anj 
12x‘ 2-2-2x 4x (x +3) 4-3n 43H 
1 
x +3 

1 1 

: Sy +2) _2By pre _ 2 7 6x (x -—5) _ 23x Rsk i; a’+4a _aa+dy_a 
, 9y *(y +2) Be 3y ay 3 "  8x2(5—x) 22. Z-2-2x(S—a} 4x ab+4b b(a+4ty b 
1 
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Section 8.1 135, 





























fe oe 2-art__ 2 i, YE z3y #2 _ thy -2) 
3x" —2x x(3x—2) x ee eee ANY - 3) 
_y72 
Vee 
oe x? +3x -10 _@& +5)eay_ x +5 er > +x -12 _@& +4 sy x+4 
"x? +2x -8 (+4 2y x +4 "x? -6x +9 | GBI - a)ler 3 
2 
23. 5 @ +255 ~_2+2 on zee ances eA Ts 2) x(x +2x—4y 
25 -x (S+x\S—aJ x +5 x74+2x? —3x x(x? +2x - -3) x(x +3\a—t) 
2G 42) 
x +3 
27 6x? -—7x +2 _ Qe -13r—7 _ 2x -1 29 x243x-28 (+ Meety x 47 
"6x? +5x -6 | Ox +3)3e— 2 2x +3 "  24-2x-x? (+x)4-x} x +6 
1 
00000000000 0000000000000000000000008S000009000008008008 res 133 Exercises 
1 
31 14a7b? Eee 2-7-a°b? -8-5x3y _ 35ab? 33 
"  15x5y? 16ab " 3-Bx5y?-Z-2-2-2ab 24x7y "25x23 270%? Fee ~~ 3a? 
35 8x -12 42x +21 _ ~ 42x —3) 21(2x +1) 37 4a?x — Spada 2 ey tobe a*(4x -3) bQy +5) 
14x +7 32x -48 72x +1) 16(2x ~3) "by +5b  4ax—3a sb (Q2y +5) a(4x —3) 
_ 2A ~3)-3-MDx1)__3 a'(ae~SP 705) _ 9s 
SS a US re a a = =2 
eI ZE2 22} 4 DOr 3) 
39 x? +x-2 x+y _ (& +2Xx -1) x4y 41 xy ae ib on = 3 x°y? @ +3)@ —1) 
xy? x? 4+5x +6 xy? (x +2Xx +3) "4? +13x +30 x'y? (x +3) +10) xy? 
_ Ae -Dx*y _ x7@ -) _ 8 'y etSix =D) 
xy ex +3) y(x +3) (e+3)(x +10)x 'y? 
ao Ge) 
x *(x +10) 
43 3a3 te et a*(3a +4) b?(3-Sa) 45. = * _ 8x es +3x-10 _ @&-Ie-7) & +5) -2) 
‘ 5ab-3b 3a? The 3) a(3a+4) gw? 43x-4 x7-9x414 (x AS 0) (x ee 7) 
_@ Barth G50) 2 _ Ha“ + 5)“2) 
~ b(Sa—SBa+t) (x +e 2) 7) 
1 1 
x +5 
x44 
ha ray - Mos +4y -21_( +5) -4) W+DO -3) go 25-n? __n*-8n-20 _ (St+n)(S-n) (n +2)(n -10) 
Mey? +2y -15 y?+3y- =28 & +5)0 - 3} O +0 - 4) n?—2n-35 n2-3n-10 (n+5\n-7) (n +2)(n-5) 
_ GAD AG +p 3) 2 ae tt) 
GSI S-+ TMy—4) + Sin — 7)n-+2\(n—S) 
= pathadd 
cet 
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51. 


53. 


D0: 


37. 


61. 


65. 


69. 


71, 


TBE 


(he 


Chapter 8: Rational Expressions 


Bx+4x? x7 -4 4x2(Qxt]) (x+2Xx-2) 


x? —3x+2 16x7+8x ee 1Xx- 2) Bx(2x+1) 
bee 


Z-2Lx° Qe+T)(x+2) (eZ) 
OD GY FF 2x Bx) 
_ *(%+2) 
ye= 1) 





x?—11x +28 x?4+7x+10 (x -4)(x -7) (% +2)(* +5) _ Ae Ax + 2) 45) __ x +2 


x?-13x +42 20-x-x? (x -6)(x -7) (5+x)(4-x) (8 OE TS +a Vd a5 x -6 





x?—4x -32 3x2417x +10 (x +4)@ -8) (3x +2Xx +5) _ (tty 83x +2V(x +5) _ x45 


x?-8x -48 3x?-22x-16 (x +4)(x -12) (x +2Xx -8) (er4)(x — 12 Ax +28) x pen 





;: ; YY 
POCOCOHOHOOOOSOOOSOOOSEOH OO OTOHOSOOLOHOSSOSOOOLOSECESOS Opjective 6 Exercises 


9x 3y 4 45x ty 2, Ox 3y 4 alda’o 59. 28x +14, 14x +7 _ _ 28x +14 30x -20 
% Téq4h2 45x -30 30x-20 45x -30 14x+7 


4p 2 7 ap? 
16a"b l4a’b 16a : 45x ty? _ 14x +1) 10x -2) 





___ ary" E10" Ta°y? ~ 15(3x —2) (2x +1) 
%-2-2-2a°b BB Sx"y 40bx ato ty. 23Gr 74 
"Be 2 fa 3 
aa 10ay +6a _ 5a*y +3a? 6x? +15x7 63 i) ae ee c x?y? 9) Ras eeee0 
2x3+5x?  6x>+15x? 2x2 +5x? lOay +6a "4? 3x -10. x? =x =20 x?-3x-10 “Jay 
_a(Sy-+3) 3x?Qx+5)_3a __xty? — @ +4Xe5) 
~x1Qe+5} aes) 2 @42)G-5) iy’ 
_ x(x +4) 
~ -y (x +2) 
ie MORE ery este clean iy, | Sc cai ba as 
x? =1lx +30 x7-7x+10 x?-11x +30 xy ° 7 ab abel ath 3x? -x3 
Po tye Cas) _3y 3) ab? by 
_ x(x —2) 
~ -y(x -6) 


x?4+3x- 40 x 2 42x -48 x 243x-40 x7+3x -18 _ ota} (ait 6) = 3) P(r FON = 3) 


x? 42x -35 x74+3x-18 x74+2x-35 x7+2x-48 & +T)e—S) (-+8)(x — 6) (x +7)(x -6) 


x?-x-2 Pea ~4 x?-x-2 ps 3x —x? _@ing-27 B+ xS=aF _ eects 
x? —7Ix +10 40-3x—-x? x?-7x4+10 x?-3x —4 | Ra 5) (+t -4) x4 


6n? +13n +6 _6n? +n -2 _6n? +13n+6 4n?-1 (20-+3}(30-+2) (Qn +1)Qn=T) 2n +1 


ee ee a 4n’?-9 6n?+n—2 (Qn-+3\(2n — 3) Ba Z\Qn—T) Qn -3 
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COCR COCeeoeDeoTcoeTOTESEOTEEESOOOTLETOLLESARORSVOR0E ie ee , # Applying the Concepts _ 
n n 
+2?= 
79. n+3 ~— n-2 
n n 
= ay; 
n+3 n-2 
n n 
I= + 
n+3 n-2 
my A 2 
n+3 4 
ig , 
n+ 
83. 
000000000 0000000000000000000000000000000000000000000000 : Objective A : Exercises 
1. 8x*y =2-2-2-x-x-x-y 3. 10x4y27=2-5-x-x-x-x-yoy 
l2xy?=2-2-3-x-y-y 15x3y =3-Sex-x-xy 
LCM =2.2-2-3-x-x-x-y-y =24x3y? LCM =2-3-5-x-x-x-x-p-p =30x4y? 
os 8x? =2-2-2-x-x as Qx*y =2-x-x-y 
4x? +8x =4x(x +2)=2-2-x(x +2) 3x7 +412x =3x(x +4) 
LCM =2-2-2-x -x(x +2) =8x7(x +2) LCM =2-3-x -x-y(x +4) =6x7y(x +4) 
9, 9x (x +2)=3-3-x(% +2) 11. 3x +3 =3(x +1) 
12(x +2)” =2-2-3(x +2)(x +2) 2x7 +4x +2=2(x? +2x +1)=2@ +1)(x +1) 
LCM = 2-2-3-3+x(x +2)(x +2) = 36x (x +2)’ LCM = 2-3(x +1)(x +1) = 6(x +1)’ 
13. (x -1)@ +2) 15. (2x +3)’ =(2x +3)(2x +3) Liven (x1) 
Ga DG+3) (2x +3)(x —5) (x —2) 
LCM = (x -1\(x +2)(x +3) LCM = (2x +3\2x +3\(x —5) (x —1)(x -2) 
= (2x +3) (x =5) LCM=(« -l)e —2) 
19. x?~x -6=(x +2)(x -3) 21.0 x? 45x +4=(x +1) +4) 23. x?-2x -24=(x +4)(x -6) 
x? +x -12=(x -—3Xx +4) x? —3x —28 =(x +4)(x -7) x? —36x =(x +6)(x -6) 
LCM =(x +2Xx — 3Xx +4) LCM=(x +1)(x +4Xx -7) LCM =(x +4)(x —6Xx +6) 
25. x -7x -30=(x +3)(x -10) 27. 3x?-11x +6=(x -3X3x —2) 29. 6+x -x? =-(x?-x -6) 
x? -—5x -24=(x +3)\(x -8) 3x? +4x —4=(x +2)(3x -2) = —(x +2)(x -3) 
LCM = (x +3)(x —10)(x — 8) LCM = (x — 3X3x —2)(x +2) x +2 


x —3 
LCM =(x +2)(x -3) 
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31. 


35. 


41. 


47. 


$1. 


D5: 


Sis 


61. 

















Chapter 8: Rational Expressions 
5+4x -x? =(1+x)(5-x) 33. x? -5x +6=(x -2)(x -3) 
x -5-(x?-4x -5)=-(x +1)(x -5) gee —(t = 1) 
et LCM= 1x ~2Yx -3Yx -6 
LCM = (x +1)(x -5) = (% —1)Ge —2\x — 3x - 6) 
0000000000008 0000000000000800000000000000000080000S0008 Objective 3 Exercises 
The LCM is ab’. 37. The LCMis 18x7y. 39. The LCMis y(y +5). 
ois SV Vad & Sy? Ee ah) +5 ay +Sa 
ab” ab? 6x? 6x? 3y 18x yr yp? ytd yy 45) 
a Oe 1 ot tee lay 6 ss yee 
ab ab b ab Oxy 9xy Ix 18x2y yy +5) p(y +5) yp pry +5) 
The LCM is y(y +7)’. oe a 45 Jee C3 tee 
a’ at y +7 4-y -~y-4) yy =4 TS 27) ae 
yy+l) yvrt y +7 The LCM is y(y -4). The LCM is (y -7)°. 
_a’y +7a* Site eee 2 2 ie 
yy +7 VO a4) ay (yi) T-y y-T y =i 
aE ee i pee EARS aa in lh 
V+ Ot) y yory 4-y y-4 yy y(y-4) y-TY (&-7) 
The LCM is y “(y -3) 49. The LCM is (2x -1)(x +4) 
2 2 ey 2y? Kee ae? x44 — x34+4x? 
y-3 y-3 y? yy 23) 2x-1 2x-1 x+4 (x -1)(x +4) 
eg oe x+1 x41 2x-1  2x?4+x-1 
yr 3y7 0 9) x+4 x+4 2x—-1 (x —IXx +4) 
The LCM is (x +5Xx — 5). 53. The LCM is (3x -2\(x +2). 
3x 3x x+5_ 3x? +15x Bees = Eas) 
x-5 x-5 x45 (x +5Xx—5) 3x7 +4x-4 (3x -2)(x +2) 
4 4 a 2 3x - 3x-2_ 6x -4 
x?-25 (x +5\(x —5) x42 *42 3x22, Gx =2¥x 42) 
The LCM is (x — 3)(x + 5x +1). 
x -l x -l ud oe il 
x? 42x -15 (x -3)@ +5). reed (x -3\x +5)(x +1) 
x x x73 _ x? -3x 
x?+6x4+5 (x +5\x +1) x-3 (—3)x +5\K +1) 
©9008 00S500F009800SS0S0005S500000000000000008SS00000E86 Ondjective C Exercises 
es tals 3 ee ye 
oye te 59. = poh 
y y y y 44 4 eho pd) ole ed 
Bx : ak. BORA ITY AY 63 2s +1 3x +O eee hits + O)s Ok 
2x +3 2x+3° 2x +3 ae cy ee ee x -3 ~723 


2x +3 
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65 Sx-1 3x+4 _5x-1-(3x+4) _4x-1-3x-4 67 iad) Mie tee i (40S) Re ST 4 ck 
x+9 x+9 a x+9 ¥ x+9 ; 2x +7 2x+7 2x +7 2x +7 
_ 2x-5 —3x -4 
x+9 Tere 
69 x Sl 3 e x -3 1 Z2hS eee xX 2 _ 2% ted = (hie) 
ee 15) x? 20-15 x? + 2x -15 ee 390 x Sv 30 x*-x -30 
ee _ 2x +3-x 42 
(x +53) x +5 (x +5)(« -6) 
(x45) 1 
 (e+5\x - 6) x -6 


ot 4y+7 oy -5 4 + T-(y -5) 
2y?+7Ty-4 2y?4+7Ty-4 8 2y*+7y -4 
e4yitlay +5 
~ (y +4)2y 1) 
eyes 
~ (y +4)2y -1) 
(r+sx2y -1) 2y -1 

















ne Seekoee 2x73) 4x? +2 +1 _ 2x? +3x +(2x7-3)-(4x7+2x +1) 2x? 43x +2x?-3-4x?-2x -1 
~  ¥*-9x4+20 x*-9x+4+20 x7-9x +20 x? —9x +20 x? -9x +20 
egezess) oy 
oe 4= er 

DREMEUES CC GEC cee sé sccevecesssclsccccdecccccccoceseesss Objective D Exercises 
79. The LCM of the denominators is ab. 81. The LCM of the denominators is 12a. 

ei), b 7b 5. 150-4 g020 

a ab ab 3a 3a 4 1a 

Sato -a~ Sa on ee he) 

b ba ab da 4a 3 12a 

tae 15 5a 1b +5a lesen 20 re et ae Ne 

‘ai (a) he) te) ab 3a 4a 12a 12a 12a 12a 
83. The LCM of the denominators is 12y. 85. The LCM of the denominators is 20y’. 

SE 6 6 20 120 

4y 4y 3 12y ye yp? 20 20y? 

doi 2, 2 Oa Coe OV eo loy 

6y 6y 2 12y 4y 4y Sy 20y? 

omer 4 32 22 4y_ by 

3y 3y 4 = 12y Sy 5y 4y  20y? 

Remo 2, 2 82 6 Shen2 wl20 gS. ely 

4y 6y 3y 12y 12y 12y yt 4y Sy 20y? 20y? 20y” 

_ 21+22-32_ 1 120 +15y - 8p 
“Tee ase Greek oly ae 
_ 120+7y 


20y? 
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87. 


91. 


OS; 


99. 



































The LCM of the denominators is 12ab . 89. 
ay 1S) 6b _ 30b_ 30b 
2a 2a 6b 12ab 
7 7 4a 28a 
3b. 3b 4a 12ab 
2 2 12a _ 24a 
b b 12a 12ab 
3. 3 Saget 
4a 4a 3b 12ab 
5 2S 30b 28a 24a 9b 
D7; Gh Gil aaiaieh (aad ab Wioes 
_ 30b +28a-24a-9b _ 21b +4a 
: 12ab ~ 12ab 

The LCM of the denominators is 6x . 93. 
2x-3 Ix-3 3 6x-9 
Ore 3 Pes 
x+3 x+3 2 2x+6 
3x. 3x 2x 
2x -3 x +3 _6x—-9  Ix+6 _ 6x -9+(2x +6) 
2x 3x 6x 6x 6x 

has) 

6x 
The LCM of the denominators is 3x Te 
See a ie” 
3x2 3x? 
iA ee ae Se _ 3x? +12x 
x UR Gal 3x? 
x-2 x+4 x-2 3x? Hide 2 2—(3" 12x) 
2? xg ed 3x? b 3x? 

_x-2-3x7?-12x  -3x?-11x -2 

a 3x? a 3x? 
The LCM of the denominators is x. 101. 





2 

ay aot ee 

1 <x x 
pou 
x x 

1 Sy Ole Seeee | 
2x +— =——+ 

x x x x 
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The LCM of the denominators is 12x . 
4x -3 Wis3 e2 Bec 


















































6x oye 12x 
2x +3 2x +3 3 6x +9 
eR Cap 
4x -3 2x +3 _ 8x - -—6 6x +9 _ 8x - 6+(6x +9) 
6x 4x {| ee 1D, 12x 
_ 14x +3 
b eh2e 
The LCM of the denominators is 36y . 
Sy HV ale sey = 6 
(2ykh WIZ ees, 136; 
Bae se OES 
‘18y 18y 2 36y 
sy =2 ty oy - OF 2a -—6 9y -6-(2y -6) 
[ty ite Tay ene 360 36y 
SyisO ay Gnas. am 
A 36y "30, 3a 
The LCM of the denominators is 6x’. 
x+5_ x+5 2 2x +10 
3x2 3x? Ke 6x? 
2x +1 _ 2x +1 3x 6x? +3x 
2x 2x ee 6x? 
x+5  2x+l 2x+10 6x? +3x 
ba cae say es 2 
3x 2% 6x 6x 
2x +10+(6x7+3x) 6x2 +5x +10 
- 6x? a 6x? 


The LCM of the denominators is x +1. 




















qeoeeeoaees 
1 x+l xl 

cinta 

x+l x41 

342 x-] Stree 3x +3+(% -1) _ 4x +2 
x+1l x41 x41 x +1 x+l1 
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103. The LCM of the denominators is x *y . 105. The LCM of the denominators is 12x ?y?. 
x +2 _x+2 x x? +2x 4x —3 e4us 3 4y _ l6xy -l2y 
xy xy ae x?y Buy, aE Ty 12te ye 
3x—-2 3x-2 2x +1 _ 2x +1 3x 6x? +3x 
xy x’y 4xy? ~ Axy? hace 12x?y? 
Papeete? ot + 24-3x 2 x? +2x - Gx -2) 4x 3), 2x + 1 l6xy =1ly.6xt 43% 
xy x’y x’y x7y xy 3x7y "aay? . 12x79 i 1952)? 
ee ee l6xy -12y +(6x? +3x) 
xy any i 12x *y? 
_ l6xy -12y +6x? +3x 
e 1252p 
107. The LCM of the denominators is 24x y . 109. The LCM s is (x —2)(x +3). 
Wise X25 3y, _ 3xy —6y 4. gas 3 4x +12 
8x2 8x? By 24x2y ee eo a 3) 
x+7 ox+7 2x 2x? +14x SS ee) 
laxy ldxy 2x 24x2y peo Bel SE eee s) 
e-2 x47 _3xy-6y 2x? +14x 2Gl 2 ee la ee 
Re? xy 24x2y 24x2y Fo Se (x —2)% +3) (@ -2Xx +3) 
3xy —6y - (2x? +14x) _ 4x +12+6x -10) _ 9x +2 
aS ee (x —2\x +3) (x —2\x +3) 
_ 3xy —6y —2x*-14x 
s 24x 7y 
111. The LCM sis (x —7Xx +3). 113. The LCM sis (x +1)(x -3). 
ere o x ts. 6x +18 Di ae eee OX 
x-7 x-7 x43. (x -7)e +3) x41 x41 x-3 (+1 -3) 
eee tie] ght Ax 28 Ce ae 
see 3 x —7 6 7043) x—-3 x-3 x41 (&+D@-3) 
Es 2x 1 2x? —6x x +1 
x-7 x+3 (x-7)x+3) &-7)e +3) al BES CREO. Cnr een 
_ 6x +18-(4x -28) _ 6x +18-4x +28 pan ter ley > et ee 
(x -—7)(x +3) (x — 7x +3) ea 3) ee a) 
2x +46 (x4 23) 


~ @=TK 43) & 7x +3) 


























115. The LCM sis (2x -1)(x ~6). 117. The LCMis a-7, 
4x Ax x-6_ 4x?-24x pets 
2x=1 2x-1 x-6 (2x —1Kx -6) ag eet 
> Sees re See 
x-6 x-6 2x-1 Qx-l@-6) eae Caer aaa 5) re eae 
4x 54x? 24x 10x -5 ee 


aS 5 Se ee Se a-7 T-a a-7 a-T aa) aa 
2x -1 x-6 (2x -l)\x-6) (2x -1)(x -6) 


7 4x? —24x - (10x —5) 

7) Gx =D =-9) 

_ 4x? 24x -10x +5 4x7-34x +5 
~~ Qx-1yr-6) (2x -1\x -6) 
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119. The LCM is (x +3\x -3). 121. The LCM is (x +2\x — 3), 
Ko 3% 2x f 2x \ 
x?-9 (x +3)(x —3) yoy 6 GD Vxie 3) 
3 3 £430 3x +9 CR a Be 3x -9 
oa yes yes ~ (x +3Xx -3) eo 5 es (x +2)(x —3) 
x 3 x 3x +9 2x 3 Dx 3x -9 
F729 Hes SGhS\e=5) © Fare) x? —x-6 x42 (x+2x—3) @ +223) 
met te 9) aes _ 26=(3x=9) 2s =3eeee 
 (¢ +3) -3) (x +3Xx —3) ~ (x +2\x-3)  (e +2)(x -3) 
_ —x +9 
~ (x +2)(x -3) 
123. The LCM is (y +2)’. 
el OA V2) 2) 
1 @ 427 SG Gy Goy 
er _@ +27 _ (29 _(y' +4y +4)-(p?-4y +4) yay tay? +4y-4 By 
O42 O42 Or Ga (y +2) +e 
125. The LCM is x -y. 127, The LCM is (a - 3Xa —4). 
Belg ae Bp Se ee ee 
x-y x-y ya ee a’ Ta +121 a2 3ya=4): 
Saeko ae 2 2 a4 cs 
y-x y-x -l x-y Gao Gos G4 aula Ka SA) 
Ve pe re ee ee 24+3 4 42 eoelats eee 
x-y Visca GN) eee aS. a’ =-Ta+12 a-3 (a-3Xa—-4) (a-3Xa-4) 
_~¥ +@x -2y)tx _ 3x-y _ 2a+3-(2a-8) 2a+3-2a+8 
x-y x-y ~ @-3NXa-4)  @-3@-4) 
Li 11 
~ (a-3Xa -4) 
129. The LCM is (x +2Xx —5). 
a3 See. "i aps ae ee: Kgl 2x2) aed 
x? —3x—-10 (x +2\x-5)’ 5-x —(x—5) x42 (2 +2\x=5) (x +2)x 5) 
x +3 = 2 a x +3 —2x -4 LATS CU SAE —x —1 
eS 3 10 Sex (x +2)(x -5) (x +2)(x -5) (x +2)(x -5) (x +2)(x -5) 
131. The LCM is (x -4\Xx +5). 
x eal SD xr 45x wd MAL Oil x4, Sk = 20 Pe lis = 8 Seeds 
Red ARS | SAKe G5) RRS LC RPES yd Me Aas) xP oxe00 @ 4) 
x 5 lix-8 x7?+5x 5x -—20 Ilx-8 — x?45x +(5x -20)-(11x -8) 
x—4 Sf es ee (x -4)(x +5) (x —4)x +5) | (x —4)(x +5) 
x? +5x +5x -20-11x +S tone = 12 _(@& +34) +3Xe—t) x +3 
ae 3) AE HS) Gale 5) 
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133. The LCM is (x — 8)(x +4). 
4x+1 4x41 x+4 4x74+17x +4 3x42 3x42 x-8 SE? a at ee 


Pie 3) 4 GE8Yx 4) x24 44 4-8) 80x44) e432 8% 44) 
4x+] 3x+2 49x44 4x? 41744 3x?-22x-16 49x +4 

x-8 x+4 x?-4x-32 (x -8Xx +4) (x -8Xx +4) (x -—8Xx +4) 

_ 4x? +17x +4 -(3x? — 22x -16)-(49x +4) 4x2 417x +4-3x? 422% +16-49x -4 


(x -8\x +4) y (x —8Xx +4) 














135. The LCM is (x +5Xx —2). 
meas 2 ox ex -10x tl) x+1 —-wt+l) x45 (x? ¥6r +5) —x? “6x =5_ 


gees? 4522) 2x x2) x22 245) GODG-2) & =5Xr 2)’ 
4x?-3x-1  4x?-3x-1 

x? +3x-10 (x +5Xx -2) 

bisa Sead Ax SIRES MOY 3x? -x-10 -x? —6x - =5 4x? —3x -1 


x45 Q-x x?+3x-10 (@+5Xx-2) @+5\H—2) (* +5)x 2) 
Se SIO) She ay <a Sel) 








(x +5Xx -2) 
oa? —x -10+x7+6x +5-4x7 +3x +100 8x4 i. 42x -1) 
(x +5) -2) “G@ +5)(x -2) (x +5)x -2) 
000 00000000000000000000000000000008000900000O8COCOOEOEE ; Applying (ite Concepts 
pre) ot oy 3 8 139, a, 12,000-1.60 _ 19 2.20 dollars 
xy Ly eedy ey x x 
4a? +3ab 4a’ 3ab =4-~—« 3 19,200 _ 19,200 
eer ae ats? b? ab seer ae ers 
; : 19, 200x +96,000 -19,200x 
3m2n +2mn? 3m ?n 2mn 1 1 a aS Sa 
3 3 7+ CV be Fn to pe x(x +5) 
12m?n? Siam n 12m~n 4mn 6m 96,000. 
= dollars 
x(e+5) 
c. Let x = 25, 
96,000 _ 
25(30) 





commence SCtioN 8.3 asm 








Opjective A. Exercises 





1. The LCM of x and x? is x”. 3. De ene ae 5 
2-[8/~ +4)] — 2-[8/( + x+ 
1+(3/x) _ 1+(3/z) x? _ 1-2? +(@/x)-x? 3—[12/ +4)]  3—[12/(x +4] x +4 
TOO SE al paid ed 26 +4)~[8/ee +4)K +4) 
rae. x43) os ~ 3x +4) —[12/(x +4) \@ +4) 
x7-9  (x+3\(x -3) x -3 Sell ied a Wes canta Th) 2a 


p sGciedia 1): 3h 1207 aes 
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13. 


19. 


21. 
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The LCM is y -2. tk The LCM is x +7. 
1+[5/(y -2)) _ 1+[5/@ -2)] y -2 4-[2(x +7) _ 4-[2/@ +7) x +7 
1-[2/y -2)] 1-[2/(y -2)] y -2 5+[I/(x +7)] S+[I/(x +7)] x +7 
_ ly -2)+[5/7 - 2) -2) _ Ae +7)-[2/e + De +7) 
1(y -2)-[2/(y -2)|y -2) 5(x +7) +[I/(x +7)\% +7) 
BORIS 2)+5 ae -2+4+5 _y +3 4(x+7)-2 4x+28-2 4x +26 
~~ =2)=2- y-252 y= “547/41 5x +3541 goyemee 
_ 2(2x +13) 
"5x +36 
The LCM of x and x?” is x’. 11. The LCM of xand x? is x?. 
1-(i/x)-(6/x?) | 1- ue) = (6/x?) x? 1-@je)-(6/x?)_ 1 (3/s) (e/a 7) 27 
1-(9/x?) 1-(9/x?) x? Pris tic pa ai x? 
sites —(I/x)+x? -(6/x7)-x? x? —(5/x)- > — (6/x ‘ya 
. 1.x? -(9/x7)-x . Wx. +(6/x)-x * + (5/x?)-x? 
_x?=x-6 (x +2)03)_ x +2 _ 2158-6 _ Gtx -6) _ x -6 
220 ET ee x? +6x +5 (e+tx +5) x +5 
The LCM of x and x? is x”. 15. PO 
—[4/(x +3)] ate —[4/(% +3)] ae 
pL COE Tea ey T+ [/( +3)) x43 
(4/x )+(3/x)- 1 (4/x?)+( (3/x)-1 x _ x +3)=[4/Oc +3) [x +3) 
dla hae (0/2) ee (8) eae . 1 gee +I 
(4/x7)-x? +(B/x)-x? -1-x? _x243x-4 (ertle-1) 
Bie Ora (x (= 2X45 x-2 x+3+1 (+4) 





4+3x -x? (+x )4—4) © x +1 


sees 2x +1. 
=f /@x +1) _ 1-[e/Qx +1) 2x 41 
x -[I/Qx +1] x -[I/2x +1] 2x +1 

_ 1x +1)—[x/(2x +1) (2x +1) 

~ x(2x +1)-[1/Qx +D]2x +1) 


24 +1 =x (x44 ap Lt 


Le |  GertiQx 1) eat 


The LCM is x +4. 

x -5+[14/@+4)) x -5+[14/~ +4)] x +4 x - Dial aN SD ORE een ais 20+14  x’-x-6 

x+3—[2/@+4)) x +3—[2/e +4) x +4 x43) +4)—-D/@s4 x44) x247x 412-2 x? 47x 410 
_ gee -3)_ x -3 


| FHA +5) x +5 





The LCM is x -6. 
x +3-[10/(x -6)] x +3-[l0/((x -6)] x-6 (x +3)(x -6)-[10/(x ~6)(x -6) _ x?2-3x -18-10 x?-3x -28 
x +2-[20/(x 6] x +2- [20/(x —6)] x-6 (x +2)(x -6)—[20/((x -O x -6) x?—4x-12-20 x? —4x —32 
_ Geax - 7) _ % 7 
| rar - 8) x= 8 
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23. The LCM is 2y +3. 
y -6+[22/2y +3)] I 6 +(22/2y +3) 2y +3 _ (y - 6)2y +3)+[22/Ay +3)K2y +3) 2y?-9y -18 +22 
y -5+[11/Qy +3)) yy -54[l1/Qy +3)] 2y+3 (py -5)Qy +3)+[11/(2y +3)]Qy +3) 2y? -—7y -15+4+11 
_2y —9y +4 _ 2y Qy -ly4) ny —1 
"Dy? —Ty -4 ~ Qy +1Xy—4) +1 yt) 2y +1 





25. The LCM is 2x -3. 
x —[2/Qx —3)] x —(2/Qx —3)| ~ 2x -3 x(2x —3)—[2/(2x -3)\2x -3) ERB 9) 


eI ne) ees 


2x -1-[8/Qx -3)] 2x -1-[8/Qx -3)] 2x-3 (x -1)Qx -3)-[8/2x —3)\2x -3)  4x?-8x +3-8 
- 2x? -3x -2 Qx+t(x - Bert -2) x *-2 
Bye Sn 5 (Qx+T)(2x — Psy oy 25 


27. The LCM of x and x -1 is x(x -1). 








(1/x)-[2/( -1)) _ G/x)-[2@ - 1) x@=-1)_ A/x)@)G -D-P/@ - Dae eo) ae a= pains di 
(3/x)+[1/( -1] ~ (3/x) +[1/(x - 1) x(x -1) ~ (3/x )(% (we - 1) + [1/(e - 1) Je (x - 1) "3Q—l)tx 3x 2343 
=f. Ser eal 


Ares” 4x -3 


29. The LCM of x and 2x -1 is x(2x -1). 
(3/(2x -1)]-(/x)  [3/2x -1)]-(I/x) xQx-1) [3/(2x -1)~X2x -1)- (I/x)@)Qx -1)_ 3x-Qx-1) 3x -2x +1 


(4/x)+[2/(2x -1)] j (4/x)+[2/Qx -1)] “x (2x -1) e ~ (4/x xx -1)+[2/2x ~\\x 2x -1)  4(2x -1)+2x 8x -442x 
etl x +1 


10x -4 2(5x -2) 














00000000000 TCO TOO ORC OOO TETEO DOOD OCOODODOODCODCCEEZE0008 : : : ik & Applying the Concepts i 
1 1 2 2 
31,0 1+——— = 1+——-. = = 1+ ——_ 1 1 x x sil i 
Se gh ee ea de 
be) AMOR cas 1-(1/x) 1-(I/x) x x-l x-1 x-l 
Pa eh PR 8 
= = x-1l-x =] 
Sas S33 = = 
to-1 x al 





Pam 5 V\__ 0/4) =v) 4, 
ete) G2)" Gy)-3+00) 4 
r y’-16 
Bi6—12) +2y! 
_ 9 +4)y—a) | y +4 
Uy —afy ~2) DT ae 2) 
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0080 0F0F8OFHHSHHHSHHHHHHHHHHHHHHHHHHHSSTHHHHHHHHHHHHETE8 

















1. oe ee Tie LCM ae 3. 
3° 2 2 
oaeaae 
Ih 2 i 2 
G2r eS ia zs 
13 i 2 
4x -15=-3 
“lye 2 
ee) 
3 checks as a solution. The solution is 3. 1 checks as a solution. The solution is 1. 
2x =e lca . 6 
+—=—+— The LCM is 8. = i 
SE 3 rege ye th Fae The LCM is 2a +1. 
o(2=+2)-2(5+3) dat+l 6 _2atl , 
1 8 4 ey 2 1 2a +1 1 
cee eae 6 =(Qa +1)2 
1 8 (Ae le Sd 6=4a+2 
2x -5+2=x +6 4=4a 
2x -3=x +6 l=a 
x -3=6 1 checks as a solution. The solution is 1. 
ao 
9 checks as a solution. The solution is 9. 
9 : a 
9, =-2 The LCM is 2x —5. 11. 2+—= he eCMitsen 
2x -5 a 
2 ee) *{242)-4 7 
1 2x -5 1 1 a 1 
9= — 5\- 
Ce) Sa eee 
9=-4x +10 1 
ee Ar 2x +5 = 7x 
so 
—=x 
4 Weas3 


1 check: lution. The solution is 1. 
- checks as a solution. The solution is >. erecks BS AisorUng “einai 
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13. fr 4 The LCM is x. 15. 


-3=x 
-3 checks as a solution. The solution is —3. 


it: 





x-2 x 
ites) 3 x(x -2) 4 


——_—[—— SS 


3x =4x -8 
-x =-8 
x= Ss 
8 checks as a solution. The solution is 8. 


21. The LCM is (2x +5)(x -1). 23. 


a seen 62 
pee ES 
Qx+5Xx-1) -3  Qr+5Kx a)? 
1 ova Sa 1 Sew 
(x -—1)(-3) = (2x +5)2 
—3x +3=4x +10 
-7x +3=10 
—7x =7 
x =-l 
—1 checks as a solution. The solution is —1. 








25. TheLCMisa-3. oth. 























a5 
3 does not check as a solution. The equation has no solution. 


ease The LCM is y. 


: checks as a solution. The solution is > 


The LCM is (3x -1\4x +1). 
ec eee 
3x -1 4x 41 


(3x ~—1X4x +1) A) _ Gx - 14x +1), 3 


] 3x -1 1 4x +1 
(4x +1)2 = (3x -1)3 
8x +2 =9x -3 
—* +2 ='—3 
=) S85) 
5) 
5 checks as a solution. The solution is 5. 


The LCM is x -—4. 
4x 5x 


x 4 
“4 4x } -4 5x 
+5 ]= : 
1 \x-4 1 +x-4 




















——— :—— + —— 5 =5x 
1 x-4 1 
4x +(« -—4)5 =5x 
4x +5x -20=5x 
9x -—20 = 5x 
—20 =-4x 
Sau 


5 checks as a solution. The solution is 5. 


The LCM is (x —1)(@% +2). 








x9 288 
1 e? 
See Net 2) es oe ee 
1 te 1 x +2 


(x +2)x =(x -1)8 
x?74+2x =8x -8 


x?-6x +8=0 

(x —4)(x -2)=0 
x-4=0 x-2=0 
5 eel 5 Sy 


Both 4 and 2 check as solutions. The solutions 
are 4 and 2. 
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29. 


33. 


37, 


Chapter 8: Rational Expressions 


























The LCM is (x +4) —1). 31. TheLCMis x -2. 
2x - 3 “Ae 6 2 3s 
x+4 x-1 x-2 x-2 
(x +4) -1) 2x _(@+4)e-1) 3 *a2(n + 6 \-23. 3x 
1 x+4 1 Sy) 1 x—2 Prox e2 
(x -1)2x =(x +4)3 ie ee Se 
2x? ~2x =3x +12 1 1 x-2 
Del eT eh x? -2x +6=3x 
2 z 
(2x +3)(x -4)=0 x? -5x +6=0 
2x +3=0 x -4=0 (x -3)@ -2)=0 
ee Peer, x-3=0 x-2=0 
3 re 3) x=2 
sa 2 2 does not check as a solution. 3 checks as a 


Both -> and 4 check as solutions. The solution. The solution is 3. 


solutions are -> and 4. 


The LCM is y(y —2). 
Sie? 





—= +1 
Val Vine 
woth Swy aay | 
1 y ] y -2 


8y -16=2y +y*-2y 
8y -16=y? 
O=y*?-8y +16 
0=() -4\(y -4) 
y -4=0 y -4=0 
y =4 y =4 
4 checks as a solution. The solution is 4. 


Opdjective B Exercises 





6.2 stantial 64 
xy E3 , 9 x 

Peper op et get 
x 3 x 
ig=2% lox =57/6 6=x-4 
Oy x =36 10=x 

The solution is 9. The solution is 36. The solution is 10. 
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43. 


47. 


51. 





ll x-3 
NG -3)- 5 =11@ -3)-— 


(x —3)2 =220 
2x -6=220 
D5 SWINE: 


oa ces UN 
The solution is 113. 








ae Sus) 
The solution is 15. 


Strategy To find AC , write a proportion using 

the fact that in similar triangles, the ratios of 
corresponding sides are 

equal. Solve the proportion for AC . 


Solution — = — 


AC =6.7 
The length of AC is 6.7 cm. 


45. 


49. 


53. 


211 











Loe 
PE ey 
x(x —2)- ue ae 
x -2 a5 
16x =(x -—2)8 
16x = 8x -16 
8x =-16 
x =-2 
The solution is —2. 
eet 
eer e pen 


(x +2\x Sy ae +2\x 1 cae 
x +2 x -2 


(x —2)9 =(x +2)3 
9x -18 = 3x +6 
6x -18=6 

6x =24 


sf St! 


The solution is 4. 





Odjective C Exercises | 





To find the height of triangle ABC, 

write a proportion using the fact that 

in similar triangles, the ratio of corresponding 
sides equals the ratio 

of corresponding heights. Solve the proportion 
for the height (h). 


Strategy 


Solution 


h=29 
The height of triangle ABC is 2.9 m. 
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55. 


sh): 


63. 


Strategy 


Solution 


Strategy 


Solution 


Strategy 


Solution 


To find the perimeter: 57. Strategy 
e Find side DF by writing a 

proportion using the fact that the ratios of 

corresponding sides of similar triangles 

are equal. 
e Use the formula for the 

perimeter of a triangle. 

C DF ; 

o = EF Solution 


DF =7.5 


P =a+b +¢ =754+9+6=225 
The perimeter of triangle DEF is 
22.5 Kt. 


To find BC , write a proportion using 61. Strategy 


the fact that in similar triangles, the ratios of 
corresponding sides are equal. Solve the 


proportion for BC . 


Solution 


5 8 
10(BC )— =—(BC )10 
BC 10° ) 


50 = 8BC 


BC =6.25 
The length of BC is 6.25 cm. 


To find OP , write a proportion using 65. Strategy 


the fact that in similar triangles, the ratios of 
corresponding sides are equal. Solve the 


proportion for OP . 


—_ = Solution 


120P. =156 
OP 213 
The length of OP is 13 cm. 


Chapter 8: Rational Expressions 


To find the area of triangle ABC, write 

a proportion using the fact that in 

similar triangles, the ratio of corresponding 
sides equals the ratio 

of corresponding heights. Solve the proportion 
for the area (a). 


a=48 
The area of triangle ABC is 48 m?. 


To find DA , write a proportion using 
the fact that in similar triangles, the ratios of 
corresponding sides are equal. Solve the 


proportion for DA . 


DA = AB -DB =15-9=6 
The length of DA is 6 in. 


To find the height of the flagpole, 

write a proportion using the fact that 

in similar triangles, the ratios of corresponding 
sides are equal. Solve 

the proportion for the height (/). 


h 5 9/12 


30.—«12 
60; =e. 60 





bem 142 
The height of the flagpole is 14.375 ft. 
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67. Strategy 


sides are equal. Solve the proportion for the width (w). 


Solution pease ete 


60 
3300 = 40w 


The width of the ravine is 82.5 ft. 


SSCSHOHSHSSSSOSSSHOHHHOHHSHHHHHSHOSHHSHSHHIHHHHOSCHEOTOOOHOEOCE 


69. Strategy Wnite and solve a proportion using x to 71. 
represent the number of voters who favored the 


amendment. 


Av x 
7 35,000 
af: 





Solution 


By 000) = 45,000 
7 35,000 


20,000 = x 
20,000 people voted in favor of the 
amendment. 


To find the number of millimeters of water, 75. 
write and solve a proportion using x to 

represent the amount of water needed. If there 

are 4 parts water and 3 parts syrup, then there 

are 4 parts water for every 4+3 =7 parts soft 
drink. 


73. Strategy 


Solution 


160=x 
160 ml of water are needed. 


To determine the recommended area, write and 79, 
solve a proportion using x to represent the area 
of the window. 


77. Strategy 





= 
Soluti — = 
olution 5 


o(g)-045) 
12 96 
40=% 
The recommended area of the window is 


40 ft?. 





Strategy 


Solution 


Strategy 


Solution 


Strategy 


Solution 
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To find the width of the ravine, write a proportion using the fact that in similar triangles, the ratios of corresponding 





Onbijective D. Exercises 


To find the number of miles between the two 
cities, write and solve a proportion using x to 
represent the distance between the two cities. 





25 _ a 

3/8 2 5/8 
3/8 21/8 
Dhey ae 


5 2 
21. =21 a 
S39 


The distance between the two cities is 175 mi. 


Write and solve a proportion using x to 
represent the required time. 


oe) 
Ms 
5x = 90 
x =18 


It takes 18 min to print 45 pages. 


To find the height of the person, write and 
solve a proportion using x to represent the 
height of the person. 


The person is 67.5 in. 
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PTTTTTITT TT A ) plying the Conce rts 
pplying Oi pts. 
81. Strategy Write and solve a proportion using x 
to represent the first person’s share 
of the winnings. 


83. Strategy Write and solve a proportion using x 
to represent the number of foul shots 


made by the player. 
Solution ae ape Solution 2 ee 
90 45 1 42 
90x =112.5 x=210 
pels The player made 210 foul shots. 
The first person won $1.25 million. 
NTN 3 Section 8.5 secu 








SPOSHHHSSSHHHSSHSHSHSSHSHSSHHSSHHSHSHHHSHSHSHHHHSHSHHHSHSSHHHSHEES 














1 pease 3 Ga tt S 
4 1 drt 
2:A=2-:—bh —=— 
2 r r 
2A =bh a 
24 _bh a 
ty? ‘ 
oe =) 
b 
i 1 Cas 
9, sleet vel) 11. V = Ah 13. 4 
t 
C-S 
NP Rep ee) Cpr 5) Bey ae, PR = 
: : Rt=C - 
2A =h(b, +b,) 3V =Ah Rt-C=C-C-S 
24 =hb, +hb, WW _ Ah eee 
2A —hb, =hb, +hb, -hb, Ai oA ecraa | 
24 -hb, =hb, Iae, 
24-hb, _ hb, A 
h h 
cee ies) 
Wy, A=P +Prt 17. A=Sw +w 
A=P(1+rt) A =w(S +1) 
ADE AUT) A__w( +1) 
l+rt l+rt Pelee es 
A A 
= =w 
1+rt Ae re | 





Copyright © Houghton Mifflin Company. All rights reserved. 


Section 8.6 


19." a: S =22rh+22r' 
S=2ar(h+r) 


21. a. B=—— 


(S -V yB)=(S ~V).—* 


S-V 
ior Xe )=F 





FIN ne 


ay 


voces Section 8.6 x 





_S-2nr? _12n-2a(1) 
2ar 27 


h 


The height is 5 in. 


S 





B 200 





200 


The required selling price is $180. 





1. Strategy e = Time to fill the fountain: ¢ 


First sprinkler 


Second sprinkler 


Rate 


_F +VB _ 20,000 +(80X200) 


215 


: g ie x : 
Applying the Concepts. 





_S-2ar? _242-2n(2) 


h 
2zar 272) 
_ 24-82% 16m _ 4 
4x = 4x 
The height is 4 in. 
ee F+VB _ 15,000 +(50)(600) 


B 600 
es 
6 
The required selling price is $75. 








Part 





e The sum of the parts filled by both sprinklers must equal 1. 


: lat 
Solution a pot 
(f+t}=1 6 
Sno 
at +t =6 
3) SS 
t= 


Working together, it will take 2 h to fill the fountain. 
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3. Strategy e Time to remove the earth with both skiploaders working together: t 
Rate Time Part 
First skiploader 
Second skiploader 





Solut ee 
olution 12 4 
eae 
124 
43 = 12 
4t =12 


= 3 
With both skiploaders working together, it would take 3 h to remove the earth. 


5. Strategy e Time for the computers working together: f 
Rate Time Part 


First computer 


Second computer 





¢ The sum of the parts of the task completed by each computer must equal 1. 


t t 
—_+—_ = 
75. 50 
150 $+) = 150.1 
75 50 
24 +3 =150 
me e150 


t =30 
With both computers working, it would take 30 h to solve the problem. 


Solution 


ts Strategy e Time to cool the room with both air conditioners operating: t 
Rate Time Part 


Small air conditioner 


Large air conditioner 





e The sum of the parts of the task completed by each air conditioner must equal 1. 


t t 
—+—=] 
75 50 


150 2+) =150-1 
75 50 


Solution 


2¢ +3t =150 
5¢ = 150 


f=30 
It would take 30 min to cool the room with both air conditioners working. 
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9. Strategy 
Solution 
11. Strategy 
Solution 
13. Strategy 
Solution 


e Time for the second pipeline to fill the tank: t 
Rate Time Part 


First pipeline 


Second pipeline 


30¢ +1350 = 45¢ 
1350 = 15¢ 


90=1 
The second pipeline, working alone, would take 90 min. 


e Time for the second mason to complete the task: r 
Rate Time Part 


First mason 


Second mason 


a 

IG) ie 
Oerez 
i AKO) 
6 4 
r-—-=—'r 
feelO 
60 
—=Pr 
4 
Syearp 


It will take the second mason, working alone, 15 h to complete the task. 


e Time for the second technician to complete the task: tf 
Rate Time Part 


First technician 


Second technician 





e The sum of the parts of the task completed by each worker must equal 1. 


21 
pain ar 
cone 

1(245)=12-41 
46 
642 =12 

4 =6 
f2 


It will take the second technician 3 h to complete the task. 
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15. Strategy e Time for one welder to complete the task: tf 
Rate Time Part 


First welder 


Second welder 





e The sum of the parts of the task completed by each welder must equal 1. 


10 30 
ee 
ie t 


Solution 1 


10+30=t 


40 =t 
It would have taken one welder 40 h to complete the task. 


17. Strategy e Time for one machine to complete the task: f 
Rate Time Part 


First machine 


Second machine 





e The sum of the parts of the task completed by each machine must equal 1. 


Solution —+—=] 
t t 
t t 
7+21=t 
286 
It would have taken one machine 28 h to fill the boxes. 





SOHSHHSHSHSHHSHSSSHHSHSHSSHHSSHHSSHSSSHOHFSHSHHTSHHOHSSHSHOHHHHHOSEOE ON featizs B Application Problems 


19. Strategy e = Rate in traffic: r 
Rate on expressway: r +20 
Distance Rate Time 


In congested traffic 


On expressway 





e The total time for the trip is 1 h. 


Solution Sate 


rrs20)(I, 


yr r+ 
10(r +20) +20r=r 








r +20) 


vn RY YW —— 


10r +200 + 20r = r* + 20r 
30r +200 =r* +20r 
Q=r* -—10r-—200 
0 =(r—20)(r +10) 
r —20=0 r+10=0 
r=20 r=-10 


The solution —10 is not possible because the rate cannot be negative. The rate in congested traffic is 20 mph. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 8.6 


21. Strategy 
Solution 
23. Strategy 
Solution 
25. Strategy 
Solution 


e = Rate of jogger: r 
Rate of cyclist: r +12 


Distance Rate 


Jogger 


Cyclist 





r(r+12)-S=r(r-+12)-—2o. 
r 
8(r +12) =20r 
8r +96 = 20r 
96 =12r 
Sor 
20=r+12 
The rate of the jogger is 8 mph. The rate of the cyclist is 20 mph. 


e Rate of the helicopter: r 
Rate of the jet: 4r 


Distance Rate 


Helicopter 


Jet 


e The total time for the trip was 5 h. 


180 1080 _ 


r r 
720 +1080 = 20r 
1800 = 20r 
90=r 
4r=90-4 =360 
The rate of the jet is 360 mph. 


e  Therate of arunner: r 
The rate of a bicyclist: r+7 


Distance Rate 


Runner 


Bicyclist 


e The time the runner travels is equal to the time the bicyclist travels. 








r(r+7) oe = (r+7)(r) 


yaar 
16r +112 =30r 
112 =14r 
ESTP 
The rate of the runner is 8 mph. 


Time 
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27. Strategy e = Rate of the cyclist: r 
Rate of the car: r +36 


Distance Rate Time 


Cyclist 


Car 





e The time of the cyclist equals the time of the car. 


Solution 96 = 384 


r(r+36)-2° =r(r-+36 ‘ 


. 
96(r + 36) = 384r 
96r +3456 = 384r 
3456 = 288r 
=r 
48 =r+36 
The rate of the car is 48 mph. 


29. Strategy e = Rate of the wind: r 


Distance Rate Time 


With the wind 


Against the wind 





e The time traveling with the wind equals the time traveling against the wind. 














ane 600 _ 480 
Seah 180+r  180—r 
600 480 
180 —rX180 + = (180-180 + 
a enake oe UALG04 roe Mire Malan SOL 


108,000 —600r = 86,400 +4807 
21,600 = 1080r 


20=r 
The rate of the wind is 20 mph. 


31. Strategy e Rate of the Gulf Stream: r 


Distance Rate Time 


With Gulf Stream 





Against Gulf Stream 
e The time with the Gulf Stream equals the time against the Gulf Stream. 


170) eeel10 
28+r 28-r 
170(28 - r) =110(28 +r) 
4760-170r = 3080+110r 
1680 = 280r 


6=r 
The rate of the Gulf Stream is 6 mph. 








Solution 
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33. Strategy e Constant rate of trucker: r 


Distance Rate Time 


Constant rate 


Reduced rate 





e The total time for the trip is 7 h. 





330 30 
—_+ = 
r r—25 
rer -25(224 Hw J=ro -25)-7 
r r—-25 
330(r —25)+30r = 7r(r —25) 
330r -82504+30r =7r?-175r 
360r -8250 =7r? -175r 
0=7r? —535r +8250 
0 =(7r -—150)(r —55) 
0=7r -—150 O=r-—-55 
150=7r 55=r 


Solution 7 





The solution 21 - mph is not possible because the rate would be negative when the trucker had to reduce the speed 


by 25 mph. The rate of the trucker for the first 330 mi is 55 mph. 





CDOLOCOOOOOHOOOOOOOHOOHHHOTOHOSHOOOHHOOOOOOHOTOOOOOOE® Applying the  Oireanr 


35. Strategy e Time for less-experienced apprentice to construct wall: t 
Rate Time Part 


Mason 
Experienced apprentice 


Less-experienced apprentice 





Solution ee 


15¢ +10¢ +150 = 30t 
150 = 5¢ 


30 =t 
If working alone, it would take the less-experienced mason 30 h to complete the job. 
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37. Strategy e Usual speed: r 
Speed in bad weather: r —10 


Distance Rate Time 


Usual 


Bad weather 





e The time during the bad weather is : h more than the usual time. 


150 IS@ 
=H 
r-10 Fr 2 


Fi ly OE ~10( ++) 
r-10 os) 





Solution 


300r = 300(r —10)+r(r —10) 
300r = 300r -3000+r? -10r 
0 =r? -10r -3000 
0=(r -60\Xr +50) 
r -60=0 r+50=0 
r =60 r =-50 
The solution —50 is not possible because rate cannot be negative. The bus usually travels 60 mph. 





munca Section 8.7 ssevevonemeeeReUaRN 


Objective A Application Problems 





3. Strategy To find the profit: 5. Strategy To find the pressure: 

e Write the basic direct variation equation, e Write the basic direct variation equation, 
replace the variables by the given values, replace the variables by 
and solve for k. the given values, and solve for k. 

e Write the direct variation equation, e Write the direct variation equation, 
replacing k by its value. Substitute 5000 replacing k by its value. Substitute 15 for 
for s and solve for P. d and solve for p. 

Solution P=ks Solution p=kd 
os es) 4.5 =k (10) 
P = 16s =16(5000) = 80,000 0.45 =k 


When the company sells 5000 products, the p =0.45d > 0.45(15) = 6.75 ; 
profit is $80,000. The pressure is 6.75 pounds per square inch. 
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7. Strategy 
Solution 


11. Strategy 


Solution 


15. Strategy 


To find the distance: 

e Write the basic direct variation equation, 
replace the variables by 
the given values, and solve for k. 

e Write the direct variation equation, 
replacing k by its value. Substitute 10 for 
t and solve for d. 


d=k(ty 
144 =k (3) 
16=k 


d =16f =16(10)’ =1600 
The object will fall 1600 ft in 10 s. 


To find the time: 

e Write the basic inverse variation equation, 
replace the variables by the given values, 
and solve for k. 

e Write the inverse variation equation, 
replacing k by its value. Replace r with 
65 and solve for t. 


Z r 65 
It would take 4.2 hours to travel between the 
two cities at a rate of 65 mph. 


To find the repulsive force: 
Write the basic inverse variation equation, 
replace the variables by the given values, 
and solve for k. 

e Write the inverse variation equation, 
replacing k by its value. Substitute 2 for d 
and solve for f- 


SOCHSHSHSHSSHOSSHSHSHSSHSSHSHSSHSHHHHSHSHSHSHSSHHSHHHHSHHOHHHHHHSHSHSETE 


17. Strategy 


19. inversely 


To find the effect on y replace x with 2x. 


21. inversely 


Strategy 


Solution 


Strategy 


Solution 


Solution 
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To find the distance: 

e Write the basic direct variation equation, 
replace the variables by 
the given values, and solve for k. 

e Write the direct variation equation, 
replacing k by its value. Substitute 
3 for t and solve for s. 


s=kt? 

6=k (1) 

6=k 

s =67 =6(3) =6(9) = 54 
In 3 s, the ball will roll 54 ft. 


To find the pressure: 

e Write the basic combined variation 
equation, replace the variables by the 
given values, and solve for k. 

e Write the combined variation equation, 
replacing k by its value. Substitute 75 for 
d and 1.2 for D, and solve for p. 


p=kdD 
150 =k (100)(1.2) 
150 =120k 
125=k 
p =1.25dD =1.25(75\1.2) =112.5 
The pressure is 112.5 pounds per square inch. 


k 
fay 
k 
as 
20-4 
16 
320 =k 
_ 320 _ 320 _ 320 _ 54 
d? kn war 


The repulsive force is 80 lb when the distance 
is 2 in. 


Applying ita Concepts 





Solution 


y =kx y =2khx 
If x is doubled, then y is doubled. 
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PYYTTITITITI TTT) Chapter Review 
1, ab" 120°" _ 60°’ Sxty” _ by yin set eed (a a 
25x°y  Sx2y? 25x%y 12a°b* 10ax 15x 20x 60x \ 15x 20x 
_ 4x +28 43x Ope ie +22 
60x 60x 
3, __x-[165x-2)) _ 5x -2{x -[16/(5x - 2)]} 4, 2242-30 _( +05) __ 2 +6 
3x —4-[88/(5x -2)] Sx -2{3x - 4 —[88/(Sx —2)]} 15 42% =x? (Six +3) x +3 
___ 5x*-2x -16 
15x? -20x - 6x - 80 
__5x?-2x -16 
15x? 7 26x — 80 
Gx Bix = 2) -2) pik -2 
(Ser BV3x -10) 3x-10 
5.3 4 20 5 
5, 16x -y 2 2x 6 =— 
24xy By! x+2 16 
20 5 
16(@ +2 = 16(*% +2)— 
( ye +2 ( T6 
320 =5x +10 
SUKO aS 
32 SO 


7. 10-23y +12? gaye sb +10 e12y: a8 +10 Wa 437-10) Gy = 2X45) (6y-+5)3y - 2). Gy -2/ 
67 Spi nee 1S way0e 8 6y2—y—=5  4y7—13yeR10 (y -1(6»-+5) (4»—S\y -2) (y -1Xy -2) 








Bab? S5xy4 by? 1-(1/x) x[l-(Il/x)]  _ x? =x 
8. —— = 9, T-liax -7)/x2] eeUTal (Ge — Deel) eee 
15x3y 16a2b bax? 1-[(8x -7)/x?] x*{1- ie. Tx? }} x? -8x +7 
2 xt __* 
(x - (« - Tet x-7 
1. —— = —____—— 11. T =2(ab +be +ca)=2ab +2be +2ca 
12x? +16x —3 (2x +3)(6x —1) 
: He T -abc =2alb +c) 
6 a 3 2 ae 7 ee 
Cis, = Sar Pie = 
LCM = (2x +3)(6x —1)3x -1) abe) 
3x? -x 24x° — 4x? 


(2x +3)(6x—1)(3x-1)’(2x+3)(6x-1)(3x-1) 








5 x a 100m 
pS py eS 
1m 72 7 3. ARS, 
Se. 35 100m 
Lal ees ah dl Boe oe 
Goes (= 6) 
10+7x =28-2x ci = 100m 
9x =18 ¢ = 100m 
x =2 i 
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x +8 5 
——=l+ 
x +4 x +4 


(x vay st = +a Z 
x+4 x +4 
x+8=x +445 


0=1 
There is no solution. 





14. 








16. Bae y 3 = 2y mee 
Sy -7 Sy +7 








oe) 


(Sy —7)(5y +7)\5y -7 Sy +7 
Sy Ova 30y=)) 
(Sy - 7X5y +7) 





x 10y?-y +21 7 (2y —3)(Sy +7) 
(Sy -7)\S5y +7) (Sy -7)(5y +7) 

ey 

wes 7 


18. 10x? -11x +3 = (5x —3)(2x -1) 


20x? -17x +3 = (5x -3)(4x -1) 
LCM = (5x —3\2x -1\4x -1) 


225 


15, 20x72 45x, 40x?-90x? _ 20x7~45x 12x? +8x 
6x? +4x? 12x? +8x 6x7+4x? 40x?-90x? 
5x(4x-8) 4x (3x42) 
2x ?2(3x-+27 10x ?(4x—9) 
al 
== 
5x +3 5 Sx +4 2x -1 
2x? 45x -3 2n?2745x-3 2x745x -3 


i 2x -1 od 
(2x -1)(x +3) x +3 


19. 4x +9y =18 
9y =-4x +18 


4 
=-—x +2 
J 9 


2.0 —— Oe. eee eee 


12x? 49x +15 4-27 +18x? 


20. 17x _ 
2xt3 2x43) 
(2x +3) =(2x+3)( - -5) 
2x+3 2x+3 
20 =17x-10x-15 


35 = 1X 
Sie 


21. 

















23. 


(x -6)(x Bn (x — 6x oe 
x-7 x -6 
6x —36=8x —56 
20=2x 
10=x 


Gx=TV4r-—-t3) (3x - — 4 Gxt) 3x -4 


22 x -1 43h = 3x -2 5x? +15x -11 
ey Saxe -x x’? -3x —10 
LCM =(x —5)(x +2) 
_ (% -5)(% -1)- Gx -2)(x +2) +5x? +15x -11 








(x +2)(x - 5) 
_ x? -6x +5-3x?-4e +445x7415x -11 
r (x +2)(x -5) 
eke +5x-2 _ Gx -Iete)_ 3x -1 
(x +2)(x -— 5) (er 2)(x - 5) x*-5 
yes 
24. 20 80 
G08 te 580 
20 80 
Phe 
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25. Strategy To find the perimeter: Solution alee = Ze 
eae nk BOVE 
e Find side AC by writing a 
proportion using the fact that the ratios of AC = 12 
corresponding sides of similar triangles Cao 
are equal. 1g. 426 12 4 
e Use the formula for the perimeter 6 9 
of a triangle. 3AC =24 
AC =8 


P =a+b+c =10+8+6=24 
The perimeter of triangle ABC is 24 in. 


26. Strategy e Time to fill the pool: ¢ 


First hose 


Second hose 





Solution —+—=1 


2 +3t =30 
St = 30 


t=6 
It would take 6 h to fili the pool using both hoses. 


27. Strategy e Rate of the bus: r 
Rate of the car: r +10 


Distance Rate Time 





e The time of the car equals the time of the bus. 


S15 240 


r+10 r 


ats = 71 nee 
r +10 r 


315r =245r +2450 
70r =2450 
B35) 


r+1l0=45 
The rate of the car is 45 mph. 





Solution 


r(r +10) 
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28. Strategy 
Solution 
29. Strategy 
Solution 
L 16x °y 


24x7y4 3y3 


e = Rate of the wind: +r 


Distance 


With the wind 


Against the wind 








2100 ——:1900 
400+r 400-r 
2100 1900 





400 +r)(400 - 
ALES iyi a rrrarem 


840,000 —2100r == 760,000 +1900r 
80,000 = 4000r 


ZO 
The rate of the wind is 20 mph. 


= (400+ r)(400- 1) 
See ae rrp 


To find the ERA write a proportion 30. Strategy 
using the number of runs allowed in 
100 innings. Solve for the ERA for 9 innings. 


ERA _ 15. 
9 100 
900. ERA _ 900.25 
9 100 
100ERA = 135 
ERA =1.35 
The pitcher’s ERA is 1.35. 


Solution 





D2 


Rate Time 





The time traveling with the wind equals the time traveling against the wind. 


To find the current: 

e Write the basic inverse variation equation, 
replace the variables by the given values, 
and solve for k. 

e Write the inverse variation equation, 
replacing k by its value. Substitute 100 
for R and solve for J. 


tae ld 
R 
_k 
~ 50 
200 =k 
200 200 _ 
Re 4100 


The current is 2 amps when the resistance is 
100 ohms. 


Ch apter Test 








7 (+x leary x +1 


2x? 2 x? 4+4x-5 (x +5)e—ty_ 38 GPS) 
1-x? 


3, Payee x) - 2-2 at Vion Bath) x? +2x-3 2x?-llxt5 _ (eb3ie—ty (2x - lx -5) 
x?-4x4+4 x%y4 (2 —2)(x - 2) xy 4 x? +6x+9 2x74+3x -5 (2+3)(x +3) (2x +5)a—t} 
~ x 3(x -2) (x +3)(2x +5) 
2 2 2 2 oT 
5, x _t3et+2 xix -6 x +3e42 wit2x-15 ¢ Gries 30% 1) 
mo fox e4 x? 42x15 x7 +5x44 x* =x =—6 5 
(x + 5\e-3) 2x° +x -1=(Qx -1) +1) 
SMPTE ST ere LCM =3(2x -1)(x +1) 
(x +4Me+T) Ge 3\a-+72) 
2X +3 
x +4 
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7 3 a 8 2x fy 4 - 2x -4 
x= 2% x =4 : x7 4+3x-10 x743x-10 x7+4+3x-10 
x(x -2) (* +2)(x -2) Ww) 2 
LCM =x(x -—2)(x +2) 7G +5\e—-2) eee 
MX 2 3x +6 1 
x(x —2)(% +2) x(x -2)@ +2) 
x(x) ee 


x(x —2)(x +2) ~ xx —2)(x +2) 





Pee Rel Lee ee de ee ee Ce 
2x-1 3x+1 2x-1 3x+1 3x41 2x -1 "x +30 x? 4+x-6 
_ 2Gx +1)- 32x -1) LCM =(x +3)(x —2) 
~ (2x -1)3x +1) geek i= 2) eee ee 2 
_ 6x +2-6x +3 _ 5 x+3 (x +3\x—-2) (x +3\(x -2) 
~ Qx -1X3x +1) (x -DBx +1) x 2x —5 x? -2x ayes 
e43 xP ERG) GOKe 2) pe + ee 
_ x? -2x -Qx -5) 
~— @ +3)(x -2) 


Bras = 2k x? -4x +5 
(x +3)\(x -2) (x +3\Xx -2) 











ty, Lt) (12/x?) _ 1+ Q/x)-(12/x?) x? in Sete 
1+(2/x)—(8/x?) 1 +(2/x)-(8/x?) x? x 
@ © 
a, 2 +x -12 (pera - oe an 
x? +2x -8 ord )(x - —-2) x-2 3x =6 
ee, 
13. Be ee 14. Seis eee 
5) 5 x +1 x+4 x*+6 
oe +1 --3)= es {= -) 5(x +4) = 3(x +6) 
5x +20=3x +18 
2x —3(x +1)=-2 D Oxo 
2x -3x -3=-2 ant 
-x =1 
x =-l 
—1 does not check. The equation has no solution. 
15. Strategy To find the area: Solution Dees: 
e Find the base (DF) of triangle 8 DF 
DEF by writing a proportion using the fact 5(DF ) = 8(9) 
that in similar triangles, 5 
the ratio of corresponding heights cee ee 
equals the ratio of corresponding sides. DF =144 
e Use the formula for the area of a triangle. oa ye tag 4X9) = 64.8 
h=9 2 ; 


The area of triangle DEF is 64.8 m’. 
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Chapter Test 
16. d=s+rt 
d-s=rt 
d-s_ re 
r r 
d-s 
=f 
: 
17. Strategy To find the number of rolls of wallpaper, write 


and solve a proportion using x to represent the 
number of rolls. 


18. Strategy e 


First landscaper 


Second landscaper 


a 
45 315 


312) =315( =.) 
45 315 


14=x 
The office requires 14 rolls of wallpaper. 


Solution 


Unknown time for both landscapers working together: t 
Rate 





e The sum of the part of the task completed by the first landscaper and the part of the task completed by the 


second landscaper is 1. 


t t 
—_+— = 
30 15 
t t 
: fiat 
Solution 30 15 
(= +4) = 1(30) 
Sg) 153 
t+2¢ =30 
3t = 30 
=10 


Working together, the landscapers can complete the task in 10 min. 


229 





Copyright © Houghton Mifflin Company. All rights reserved. 


230 


19, 


20. 


Rate of hiker: r 
Rate of cyclist: r +7 


Strategy ° 


Distance 


Hiker 


Cyclist 


Chapter 8: Rational Expressions 


Rate 


Time 





e The time the hiker hikes equals the time the cyclist cycles. 





6 20 
r r+7 


6 20 
put +.De r+7 


6(r +7) =20r 
6r +42 =20r 
42=14r 
3=in 
10=r+7 
The rate of the cyclist is 10 mph. 


Solution 








[r(r +7)] 


To find the resistance: 

e Write the basic combined variation 
equation, replace the variables with the 
given values, and solve for k. 

e Write the combined variation equation, 
replacing k with its value. Substitute 


8000 for / and d for > and solve for r. 


Strategy 


2} -G-a)eL-G)-E- 


4 (2) ier 1 
=—+]/—/+-=—:--—+— 
Sa\ 6 ae 2 
22:23 pal em Siac, 
SDs Oa Se, 2 
16ien 15031 
= — + — = 
30 30 30 


—2x% —(—3y )+ 7x —Sy =—2x +3y + 7% —Sy 
=—2x +7x +3y —Sy =5x —2y 


eR: 
vd? 
32= k oe 
(1/4) 
0.0000125 =k 
ee 0.0000125/ _ 0.0000125(8000) 
a? (1/2) 

=0.4 

The resistance is 0.4 ohm. 


Solution r 





N 
Cumulative Review 


-a* +(a-b)’ =-(-2)' +(-2-3)° =-4 +(-5)’ 
=-44+25=21 


2[3x - 7(x -3)—8]=2[3x - 7x +21-8] 
= 2[4x +13]=-8x +26 
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Cumulative Review 
2 
Ao oy =7 
5. 3 x 
oe =3 
3 
Bez )e3-<) 
2 Nees 2 
9 
x =-= 
2) 


The solution is — > 


8. x -3(1-2x)21-46-2x) 
x —-3+6x 21-12+8x 

Tx -3 28x -11 

~—x -32-11 

—-x 2-8 
(-1)(-x) s (-1)(-8) 

x <8 
(xpe <8} 





Si ists 


14. (a%°)ab?) =a°b" 


12. 


15. 


17, (2a? -3a +1)(-2a”) = -4a* + 6a? - 2a’ 


3[x —2(x —3)] =2(3-2x) ah 
3[x —2x +6] =6 -4x 
3[-x +6] =6-4x 
—3x +18 =6-4x 


x =-12 
The solution is —12. 


V =LWH =1065)4)=504)=200 10. 


The volume is 200 ft?. 


3x -2y =6 13. 


—2y =-3x +6 
3 
=—x -3 
Me aa 
y-y,=m(x -x,) 
3 
PED asa 


y +1256 +2) 


8) 
+1l=—x +3 
Y 2 
3 
=—x +2 
aes) 
=2 
(0%?) _ tate 6 
(4ay! a 
= 24a 4~(Dp -6 
4a? a> 
= ap> = be 


P:B=A 
7) 
Se are 


coed 
6 


10=A 























6 5 
i j)=6-3)-5:2=-18-10 


=—28 


0.000000035 = 3.5x 10° 


18. (@—3b)(a +4b)=a? +4ab —3ab -12b’ 
Sa ap = ibe 
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x?4+2x +4 
19. x -2)x3+0x? +0x -8 20. y?-7Ty +6 
x? —2x? 1(6) =6 
ox? 40x Factors of 6 whose sum is —7: —6 and —1 
2x? 4x ver Oye vase 
a oe yy -6)-1y -6)=(—y - 6X -1) 
4x -8 
4x -8 





0 
(x? -8)+(@@ -2)=x7? +2x +4 


PLS A ee chery | 2208 2a" 4a" — 15a 
12-(-1) =-12 The GCF is a: a(2a’ +7a -15) 
Factors of -12 whose sum is -1: -4 and 3 2-(-15) = -30 
12y°= 3x 3x | Factors of -30 whose sum is 7: 10 and —3 
4x (3x —1)+1(3x -1)=(x -1)(4x +1) a(2a’ +10a - 3a -15) 
a(2a(a +5) -3(a +5)]=a(a + 5)(2a - 3) 
12x4y? 2x3 
23. 467-100 24. (x +3\X2x -5)=0 25. ae 
The GCF is 4: 4(b? -25) x +3=0 2x -5=0 18xy" 3 
4[b? -(5)"]=4@ +5yb -5) x=-3 2x =5 
poe: 
2 


26. x 2s +10 (x —Si(x - —2) x -2 


25—x? | G-rVS +x) x+5 


27. ee 0 tee leer 40 ee x?-4y -5 _ Bet GIy = 
xe ¢8x47 0 x2 -4x—-5 x72 48x47 x wax + 40.) CH Tety A 8)ie—S) 








28. The GCF is (2x -1\x +1) Le @/x)-(15/x?) _1-@/x)= (15/2?) x? 
2 ee SD eae ry 1-(25/x") 1=(25/x*) x? 
Fol er Sle el ax Ie) x?-2x-15 (x -S)(x +3) eed 
_ 2(¢ +1)-1@x -1) bates "Sa +5) x +5 
(2x -1Xx +1) 
_ 2x $2=2e 41 3 


~ Qx-Dxe +1) 2x -1x +1) 


3x ee 10 
x -3 x -3 


0-925 -2}-0-9( 4) 


3x -—2(x —3)=10 
3x -2x +6=10 
00 = 0 

oa 








30. 
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31. Strategy e Percent of silver in the alloy: x 


Amount Percent Quantity 

40% silver 0.40(60) 
Silver alloy 120x 

Mixture 0.60(180) 





e The sum of the quantities before mixing is equal to the quantity after mixing. 


Solution 0.40(60) +120x = 0.60(180) 
24+120x = 108 
120x = 84 


ce 1047,0) 
The silver alloy is 70% silver. 


32. Strategy Write and solve a proportion using x to represent the cost for a $5000 policy. 


SPA 3 
1000 5000 
Gina = EE rs 
1 Joe 5000 71 
'80=x 
The cost of a $5000 policy is $160. 


Solution 


33. Strategy e Time for both pipes working together: ¢ 
Rate Time Part 


First pipe 


Second pipe 





e The sum of the parts of the task completed by each pipe must equal 1.. 


t 


fogehse 
Sy ts) 
(S45 )=18-1 
SD. ik: 
2 +t =18 
3 =18 
£=6 
It would take both pipes, working together, 6 min to fill the tank. 


Solution 
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Chapter 9 
Rational Exponents 
and Radicals 








UI} Himes Prep Test semana 4 
1. 48+16=3 2. 9S 959.9989 = 90 3. 3 4, 1 2. 1. (6 Sieees 
= 16. Gals ~-f4+—=—-— += 
ee (3) : 2 3 4 128izee 
5. (3-7x)-(4-2x) 6.  3x°y° : 7, (3x-2) 8. (2+4x)(5-3x) 
=3-7x-4+2x iy eae = (3x — 2)(3x- 2) =10+14x -12x? 
=-5x-] y =9x? -12x+4 = -12x? +14x+10 
9. (6x-1\6x-1) = 36x? -1 10) x’ -14x-5=10 
x? -14x-15=0 


(x-15\x+1)=0 
x-15=0 x+1=0 
Evre=ales) x=-] 


The solutions are —1 and 15. 





meeweca GO Figure «ses 


Cr sea 





There are less than 10 tables. If you seat 5 people at each table, and there are two people at the last table, you may have as many 
as 47 guests or as few as 7 guests. However, since we also know that if we seat 3 people at each table and have 9 people with 
nowhere to sit, we know that neither 47 nor 7 is the solution. 

The number of guests can be written as the expression 5x + 2 from the first sentence and 

3y + 9, from the second sentence, where x and y represent the number of tables and are integers less than 10. We want to find the 
value of the expressions when they are equal. 

One way to approach the solution is to use trial and error and try all values of tables until a solution is determined: 


5(9)+2=47 3(9) +9 = 36 
5(8) +2 = 42 3(8)+9 = 33 
5(7)+2=37 3(7) +9 =30 
5(6) +2 = 32 3(6) +9 =27 
5(5)+2=27 


There are 27 guests. 





MI nen ~ SCION 9.1 zac: 





PENS Un ee ai 


zs} 





1 8! = (23) =2 3, 9%? =(37)" =33=27 5, 
9. (25)? 25) (8) BSN aN ee 
a, 11. — =|) =|{— eh ee 
The base of the exponential expression is a Es) e ) ( | E Ta 
negative number, and the denominator of the exponent is an 2p 343 
even number. Therefore, (25)" ? is not a real number. = re = 125 
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Section 9.1 235 
13.0 xy Pax 5. Oy “Wy, 3/4 _y =1/4+3/4 
=yW 
17, 72 3/4 wy “8249/12 _ 2 19. qQi.q3/4 qr? a qAl2+92-O2 _ 47/12 pu ea 
=F) See 
a? a 
-3/4 1 2/3 
23. <= seh =yt=— 25. — = y 45+5/6 _ 5916 = y 3/2 
y wy, 
-1/2 e 1 2 = 
as ( 4 / =x 1 =— 29. (x aid) =a — 31. (a-¥?) 2 = 33. (x =) 4/5 is 3/10 
x x 
1/2 4 Peo pa ~1/2,,3/4\-2 _ (1/4)? _ -172 _ _ | 2 2/3 2/3 
35. (a?) =(a9”) =a 37, 2x 3/4) =(x/*) PT, =o 39, (y Wy WYP = (y V8)% _ 9 
41. ( ‘ 2) aa’ 43 4.2, 63/2 6 Ae 
LPP as 5% is. (ry')P ay 
ee 
y? 
3 3/2 124 , A ele el 
47, (xy BY" = py 4 => Oy a) eye bee 51. 2 ay 
( y ) y yA lems Bp ae x 
= ym 
_5/6 \9 -1/6\9 Syne -1/2 
53, —— -(2 oh aay eae ce el Oh = (67? 5-78 = 
ye y 19 yi? p72 po p78 
37. (a?°b2)"(a ae = (a ‘b'*\(ab) ab 59. (16m-*nt) (mn'?) = (2" ye mn mn’? 
2 
a OP 2 2 lt 
Seah pi ee apa 
3/4 \-9 6, -3>-2/3 
61. may = (x 1/2 -17/ay* oo 3 A772 = yee 63 2nbS eo binge 1 ORs 
ye 4 uy re : ap eae Pee 
65. yPly 1/2 —y WV) =y 4/2 ay? =y? ay 67. aV4(as4 =a) Fh ef te he 
2 
GI aman t= 2% a 73, Ynys 75, (x7) =x" 
yy 
77 (x nlay a) ay ay, n 79, (x nly ae ease any _.n 
COOOCOOOCEEOOSOLLOSOOOSHOOOHOOHTOSOHTOOO OHHH OOOROSSOS0S Opijecctive B Exercises 
g1, 3243 83. a =(a)"” =a? 85, (21) = ar)’ = v320° 
1/3 
87, -2x 79 = -2(x2)!? = -29x? 89. (ab)? = (a) = Yao? 91. (a2) =3(a*) =Va%” 
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93, (4x -3)"* = 442-3)" 98, x P= = 97, vi4 =14"? 99a ea 





101. Y¥x4 =x 4? 103. V3 = 105. 2x? =(2x7)” 107. -V3x5 = -(3x5)'” 


109. 3x3/y? =3xy2? 111. va? -2 =(a? -2) 





™ 
Onan © Exercises 


113. v¥x!5 =x8 115. a ve 117. Vx3p? =xy? 119. Vx Sy 3 =x Sy 
121. Vi6a‘b? =V24a‘4p”? 123. J-l6x‘y? 


=27q2p6 The square root of a negative number is not a real number, 
4a°b° since the square of a real number must be positive or zero. 
= 4a 


Therefore, ¥-16x‘y? is not a real number unless x or 
y =0. 


125. Vo7x9 1335 eae x3 127. 3! 64x°y!? = 3/(—4)° xy? =-4x°y4 129. _4 xe? S55 23 
131. Yx%y!? =x4y? 133. 4/81x4y 20 =4/34x4y =3xy° 135. ¥32a%!° =¥25a°! =2ab? 





A NY LAW Litem ait Conce rts 
ei bn] 


137. a (-2)' =-2, false b. 4-3)? =-3, true c. Wa =a’, true 
y(-2)' = v4 =2 


d. Wa" +b" =a+b, false e (a? +b?) =a+b , false f. "Va" =a™" , false 


Va" +b" =(a” pe ye (a? 45%) =a +2a'b'? +6 a” =arlm 





xa Section 9.2 





Objective A Exercises 





L yxty 22 a aixty224(yz) = x ty 224 yz =x 2yz2Vyz 3. -V8a2b® = ¥2302b? = 22075820) = V22ab 8 20 
=2ab4 42a 


S. 45x 2y3z5 = 3? -5x2y 325 = 4/3? x 2p 22 4(Syz) 7. -9x3 
J3?x¥y 224 Tes A The square root of a negative number is not a real number, 
= vox yz" ySyz = 3xyz"ySyz since the square of a real number must be positive. 
Therefore, V-9x? is not a real number. 
3h ¥a'%,8 = 3/a'*b°(ab’) = ¥Vq'5p°Vab? =a°b?Vab? 11, ¥-125x7y4 = ¥(-5)>x ba a = 3(-5)°y 3(x *y) 
~ (53) Le i mS af. 25 
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13. 


17. 


21. 


23. 


25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


Vath c° = ¥/a*b*c§(ab”) =Va5p%e°Vab? =abe*Vab? 15. 4/16x°y> = 4/24 x°y> = 4124 x8y4 (xy) = 494 x8y4 Alay 
= 2x? yélaxy 





POROSSOSSSSHSHHSOSSOHHASHSSHOHSHSSHHHOSHHTSHSTSSSHOHSOS yas 3 Obdjective B Exercises 


we eee 19. 8 —v32 =2? - v2 
= V2? J2 -V24 V2 
= 22 -2?V2 
=2V2 -4V2 =-2V2 


18) +V75b =V2-32b +V3-52b = V3? V2b +52 3b 
= 3V2b +5V3b 


34/8x 2y 2 — 2x J 32y 3 =3y23x 2y 3 —2x f25y 3 = 3y22x2y 2 f2y -2x24y?/2y =3-2xy \2y -2x -2?y dy 
= 6xy V2y —8xy y2y =~-2xy 2p 


2aV27ab> +3bV3a° =2aV3%ab> +3bV30°b =2aV32b4 V3ab +3bVa? V3ab =2a-3b2V3ab +3abV3ab 
=6ab*V3ab +3abV3ab 


¥i6 -¥54 = V2 V2.3? = ¥23 V2 - 933392 
= 272 ~392 =-¥2 


26166? +1285 = 26246? +V276> = 2bV22 Vob2 + 22°? V2H2 = 2b .2V2b2 +225 V2b2 =4bV2H2 +4bV2b2 = 8bV 2b? 
34/300 —affieoa = 34/25a° —a42.34q = 342"a4 420 — 04/34 42a =3-204/20 - 30420 = 60420 - 304/20 =3a42a 


2V50 - 3v125 + V08 = 2V2.5? -3V5? +./2-72 =2V5? V2 —3V52 V5 +17? V2 =2-5v2 -3.5V5 +702 
OV SN See IND = 17 yo 1 545, 


Von? —V2562 +V49p2 = V32b2 — V52b? +V72b? = ¥32b? vb -V52b? vb +.V7°b? vb = 3bvb —5bVb +7bvb =5bvb 
2x 8x? ~3yv32x +f4x°y? =2x 2735? —3yV2°x? + 22x y? = 2x)2?y? V2x —3yV2'x? 2x +2??? ay 


= 2x- 2yJ2x —3y-2?x/2x + 2xp xy = 4xyV2x —12xys/2x + 2xy,/y 
= —8xy/2x + 2xy/xy 


V54xy 3 _ 5¥2xyF +y ¥128x = 2.3? xy? -—5V2xy? +y V2"x = 37 y3 V2x —5¥y?V2x +y 263/95 
= 3y V2x ~S5y ¥2x +27y V2x =3y V2x —5Sy V2x +4y ¥2x =2y 2x 


2a 4/32b° —3b4/162a4 +4/204b® = 2a4/25b> — 3p 42-34ab +4/204b> =2a4/2'b* V2b - 3643404 V2b +Va‘b4 Vob 
= 2a -2b4/2b - 3b -304/2b +ab4/2b = 4ab4/2b - 9ab4V2b +abV2b =-4abV2b 





. . P| nl . 
Odjective C Exercises 


SSCHSCOHSSSHSSSHSOSSSHSSSSHHOSHSSSSHHOHSHSSSHSHHSHHOTOHHSHHOOHEED 


V8V32 = 4256 =V28 =24 =16 45. V4 = ¥32 = 425 = Vo? V2? = 2¥4 47. Vx 2y 5 lxy =x3y° = yx2y ove 
Ss Po 
=xy vx 
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49. 


53. 


Sie 


61. 


65. 


69. 


73. 


77. 


81. 


87. 


91. 


Whi 


V2x7y J32xy = 64x 3y? = 2°x2y? = 2°x2y? vx 51. 
= xy Vx =8xy Vx 
V12ab3 V4a°h? = 48a > =42".3a°> 55. 
=V24a4b4V3a%b =2abV3a°b 
Vx (Vx - V2) = Vx? -V2x =x -V2x 59, 
(vx -3) =(Vx) -3vx -3ve +9=x -6vx +9 63. 
2Vl4xy -4y7x2y -3y8xy? =24)784x 4y 4 67. 
= 2442" .7?x 4y4 
=24.2?.7x7y? =672x7y? 
(V5 -5)(2V5 +2) = 2V5? +25 -10/5 -10 71. 


=O ee Oo Hebe Woe NS 


(2v3x - Vy \(2v3x + Vy) =4V32x? - Jp? =4-3x -y =12e -y 



































60 gue |OODmMeN | ceeaon. fae 
Z = ome 5y3 = yy ? /5y =yV5y 1B 
v12y 12y 
pO See oye ce ee as 
pean Ita © sey fam fas 
_ 2v3y 
3y 
£2. 8 Bh i 
ha pea awe 
5 ‘ 5 N37 y? _ 5Y37y? _ SN9y? if 
Y3y By 432, 2 3/33, 3 3y 
yi2x3y _ fi2x’y [3 V3 v5x Vx - 
20x 4y 20x “y x 5x V5x 52x? ; 
_ vi5x 
5x 


Chapter 9: Rational Exponents and Radicals 


=2x?y 32 
327 - V3) = ei V9 = V3* — V3 
=3?-3=9-3=6 


Vx (V8x - V32) = Vi6x? - V64x = 24x? - 25x 
=2?x -23vx =4x —-8Vx 


(4V5 +2) =(4V5) +8V5 +8V5 +4 =16-5416V5 +4 
=80+16V5 +4 =84416V5 


20 V4a3b2 V8a5b® =V64ab> = ¥25q!B9 
= 12° a°b 2 Yq = 2203p Va 
= 4a>b?Va 


(Vx -y)(ve +y)=vx? -y?=x-y? 


Odjective iD) Exercises 












































/ 4 4 
Sat one = V13b% SNE NIGH oe ee 
V5ab Sab 
23 Bae ae ¥3a _ 9V3a _ 9V3a 
na ve “Ba 'Ba Ba Ypyuies 
_ 3v3a 
a 
5 __5_ 33 _ 583 _ 53 
Vo ¥32 V3 ¥33 3 
Ni Sith iy) 15a"hs amp eee Ob 
V¥30a5b?  ¥30a°*  V2a° fq? Vag 
_ 6 V2a_ bV2a__ bV2a _ bV2a 
aV2a 2a av27q?2 4@:2a 2a? 
— -2 i+V2 -2-2V2 -2-3¥2 
1-v2 1-2 142 1? (V2) 1-2 
= 22-282 1» 09 
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Section 9.2 
he -4 ~4 (3442 _-12-4v2 4/2 -12~4V2 
ee ao A2. 3442 3? — (V2) 9-2 
_ 12-42 -12-4V2 
7 zi 
ee Ne t3 Ive +21 
“vx -3 vx -3 vx 43 (ve) -3? 
_ 1x +21 
x -9 


239 


ee 5 2+v7 _ 10+5V7 _10+5v7 
a Sap Fen aT) G27 
_10+5V7__ 10 +5v7 
arte an ae 
105, V3tv4 N3EN2? 4342) V2 —3 








Pens ae ae Inp 
“ay (A) 


2-3 “ ~1 
=-V6 +3-2V2 +23 





107. 24+3V5 24+3V5 14+V5 2+2V5 +3v5 +3(V5) 109. Na ~Vb_ _ 2Na ~vo_ Ava ~3vb 
Biss a. 5 ys (ys) ee 4Va+3Vb  4Va +3Vb 4Va -3Vb 
2 2 
8(Va) -6Vab —4Vab +3(Vb 
_2+5V5 +35) 24+5V5+15 174505 oR ie SOE 
125 -4 -4 16(va) - 9(vb ) 
Bee wS: _ 8a-10Vab +3b 
4 16a — 9b 
3vyy -y _3vy -y vy -2y 
i ————_ =. + 
Vy +2y Vy +2y Vy -2y 
_ 3p) -6y vy -y vy +2y? 
(We) -4y’ 
ney Siyyy+2y" _»(3-7Wy +2y) 
y ~4y? y(-4y) 
_3-Ty +2y 
1-4y 
PCOHOHOHSHHSSHOOHEHLHOSOHOHHHHOHTOHOSHHOHOOSLHOHOLOOOEOEE Applying the Concepts 
113. a 3.4/4 = ¥12, false b. 3-3 =3, true c Vx x =x , false 
¥3.¥4 = 432 Ye Ye ax ly ox? a Ve? 
d, vx + Jy = Jx +y , false e 42 +23 =¥/243 , false f. 8Va —2Va =6Va , true 


vx + Jy is in an irreducible form. 


. N@+by +by _@ @+oy" 


a+b 6 (a+b)? 


=a +b)!" =Va+b 


4/2 +¥/3 is in an irreducible form. 
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13. 


15. 


19. 


23. 


25. 


29. 


2k} 


re 


41. 





Fats SS a NOR eR 


V4 =iN6 = i012? =21 Sh 
J16 +V-4 =V16 +14 =V24 +iV2? =442i 


V160 — V=147 =V160 -iV147 =v2".2-5—iv7? 3 
Se cles 


(2+4i1)+(6-5i)=8-i 
(8-V—4)-(2+-16 =(8-iv4)-(2+i 16 
=(8-i 2) -(2+i V2‘) 


=(8-2i)-(2+4i) =6 -6i 


momma Section 9.3 mua 


f-98 a7 JOS <1 2-72 = TVD a: 


11. 


17. 


21. 


Chapter 9: Rational Exponents and Radicals 








Odjective A Exercises 


V-27 =iV27 <iv3) Ses 


V12 = V=18 =V12 -1/18 =V22°-3—-74350 
= 2¥3 -3i72 


tO Treen 6; Exercises 





(-2-4i)- (6-81) =-8 +47 


(12- v-50) +(7 - V-18) = (12-1 V50) +(7-ivi8) 


= (2V2 + 3i V2) +(4V2 - 61 V2) = 6v2 - 31 V2 


(7i X-9i ) = 631? = -63(-1) = 63 
V3.6 miV3-1N6 =17V18 = -V3" 02 = 342 


J(u + VB) = V2 ( 8 + 12) = 16 +120 
21424 - 2? =4/ -2=-2+41 


(6+ 51 X3+2i)=18412i +157 +101? =18+27i +10: 
=18+27i +10(-1)=8+27i 


(S >i xi A’ Dace, ees 2 
wea aegis ra ree SN Von By a at st 
Bod, A eas tech ORL | cons 
RSENS ae 
ae 5 5 


27. 


31. 


35. 


39. 


Objective C Exerc 
Wiceshvon Gomme Ono ku bye 





J 2/28 =i) 08 <1 V16 © ND te 
2i(6+2i) =12i +477 =12i +4(-l) = 4 +123 


(5-21)\3+1)=1545i -6i -277 =15-i -27? 
=15-i -2(-l)=17-i 


d-a[S+siJ=sasi sips sit 

Ce! eee 
eel 1 | 
=—-—(-l)=—+-=1 
ey 
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43. 


47. 


51. 


pia 


59. 





Opdjective D Exercises 





== == -3) 45, 2-3) 2-3 i _ di -3i7 _ 21-31) | 
iia =) -4i Aj ee 42 —4(-1) 4 





eee eS ee ee ee 49. a Nites LE Ih elie ee 
Re 5475-7 2541 26 13 ath Gh Et: cea ee 
_10_2 
3.13 


1-3i _1-3i 3-i 3-i-91+3i? 3-101 +37? 


=e — 





34+i 3+i 3-i 9+1 10 
mee +31) 107 
10 10er 


v-10 iVv10 iV10 iV10, 22 412 21-420 +7220 27-V¥2?.5 - V 22.5 


Oe Oo EC 


Deen ee SEIN? C929 79 202-12 Westy? | (2 2) +(v2) 3 8+2 











_2i-2V5-2V5 _-2V5+4iV5 -V54+2iV5 V5 v5 | 
SO OHO es ss 
Bie a) 3-3 6-29 435i Gl 3t? 5 48t 5 43E 347 15451 +91 431? 
3+i 34+i 3-1 9+1 10 3-i 3-i 3+i 9+1 
mooi +3) 3-1 oie _15=141 +31? — 15+14i +3(-1) 
10 10 10 10 5 10 - 10 
Ras GL a ee ge 
10 Se Ty ee: 





ai 
Applying the Concepts 


SPSHHSSHSHSSHOHSHSHHSHHHHSHSHHSSHHOSHHOHSHHHSHHSHHHHSHHSHSHHHHHSHOOSEOO 


a. 2x? +18=0; plug in 3i. b. x?-6x +10=0; plugin 34/7. 
2(31)’ +18 = 2(-9) +18 =0 (3+) -6(3+7)+10=9+6i +72 -18-67 +10 =-9 +(-1)+10=0 
0=0 0=0 
Yes, 3 is a solution. Yes, 3+i isa solution. 





Sean ea aN 


3 Check: ; 
ae = 5 Pa = 3 3x = 12 
Cage] Soe —————— ae 2 SS ee eS 
(vx) =5 v2 (Va) =3 pap eee (v3x) =12 V3(48) | 12 
x =25 525 a =27 3=3 3x = 144 144—} 12 
The solution is 25. The solution is 27. x =48 12=12 


The solution is 48. 
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13. 


17. 


21. 


25. 


V4x =-2 
(Vax) =(-2)° 

4x =-8 

x =-2 


The solution is —2. 


v¥3-2x =7 
sp 
(v3 -2x ) =7 
3-2x =49 
—2x = 46 
x =-23 


Check 9 
¥4x = -2 
4-2) | 2 
¥-8 | -2 
-2=-2 


The solution is —23. 


4x -1 =2 


-- Seemcere9 
The solution is es 


¥Ox +1=4 
(Vox +1) =) 


9x +1=64 
9x = 63 


= 7/ 


The solution is 7. 


Vx -3 +5=0 
Vx -3 =-5 
(Me =3) =) 
x -3=-125 

= 22 


Ei pyres 


125 +5 
—5 +5 


The solution is —122. 


+ 54 f/H 


Vax =-4 
(Ay <4) 


Check: 11. 
Vox 

3/2(8) 
V16 


ah te 


| 
4+ 


8 does not check as a solution. 
The equation has no solution. 


aN NIN 


SES) SS 


15. 


19. 


23. 


27 


T=~v\i-3x 
(7)? =(v1=3x) 
49 =1-3x 

48 =-3x 
-l6=x 


The solution is —16. 
¥1-2x =-3 
(i-2x) =(3) 


1-2x =-27 
—2x =-28 
x=14 


The solution is 14. 


Vv4x -3 -5=0 
V4x -3 =5 
ae) 

(v4x -3) =5 
4x -3=25 

4x =28 

sy 


The solution is 7. 
2x -6 =4 
(Vox 6) =4° 


2x -6 =64 
ohn —19K0) 
52 S5) 


The solution is 35. 


Chapter 9: Rational Exponents and Radicals 


V3x -2 =5 
(V3x—2) =5? 


3x -2=25 
3h2 S27) 
53 =) 
The solution is 9. 
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Check: 


+ ff A/S 


SS See 


aA nm alan 


Section 9.4 


29. 


31. 


35. 


39, 


43. 


x7?4+7x4+1ll=1 

2 
(Vx? +72 +11) =|? 
x? +7x +1l=1 


x74+7x +10=0 
(x +5Xx +2)=0 


x+5=0 x +2=0 


The solutions are —5 and —2. 


{2x —9 =3 
(2x —9)° =34 


2x -9=8]1 
2x =90 
sa ail) 


The solution is 45. 
Vx —447=5 
Vx -4 =-2 
(Ve —4) =(22y 


The solution is 4. 


7x +2 -10=~-7 
(V7x +2) =) 


7x +2=9 
163 Si) 
5 call 


The solution is 1. 


7-V3x +1 =-1 
(-V3x +1) =(-8) 


3x +1=64 
Sx= 03 
ie Sl 


The solution is 21. 


Check: 
Ve? 470411 = 1 Vx?h 7x11 = 1 
Vs)? +7(-5) +11 (et 2% +7(-2) +11 1 
Opesset te 1 ‘Se ey sl 
vi 1 al vi al 
l=1 l=1 
x=-5 x =-2 
Check: KER AEG ee Check: 
V2x-9 = 3 ieee N34 5-50 = 3 
3x -5=8 
4/2(45)-9 | 3 ‘ W303)a5 25 eS 
490-9 | 3 (v3x -5) =8? ARs Ais 
V81 hes) 3x —-5=64 6450 lek 
3=3 3x =69 G5 | “3 
5 S28 3s) 
The solution is 23. 
Check: SL i PPema 6) 5) Check: 
Ve-4 = 5 Tite V3e=5 22) a3 
V4-44+7 | 5 (EES 0) 300)-5-2 | 3 
LEIS 3x ~5=25 v3025 2" 03 
Sep TE 3x = 30 25-2) | 3 
5=5 x =10 co? (fens 
3=3 
The solution is 10. 
Check: 3/ x Check: 
PED = Sy oe e ‘2 : , Viegrensm ns 
iene) ey (¥i-3x) =(-2) Vi=sG) eons 
Tea) fey 1-3x =-8 = O-eseml 23 
910) 8 i e=7 -3x =—9 HEB He 
3-10 | -7 x =3 =2 45 eas 
—J=-] 3=3 
The solution is 3. 
Check: 
7-V¥3x+1 = -l 
Hodkeirea jf i 
PMD ail 
en pee 
8 (eel 


243 
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45. Vax +4 =3-V2x Check: 
(v2x +4) =(3-V2x ) E 
2x +4=9-6V2x +2x 
6Vax =5 25 14 
a 
(6v2x ) =G) 169 
36(2x )=25 36 
72x =25 13 13 


25 6 6 
BD 


3 SS 


The solution is cl 


47, yx? —4x-143=x Chet 
fey Vx? -—4x -1+3 


2 
ira cea ae 


| 
| 
2x=10 V4 +3 | 
| 


UA nn WH Ils 


we 2+3 
The solution is 5. 


5=5 


49. Vx? -2x4+1=3 Check: 
(a?=aasi) =3 Vette tl = 3 
me V4 24) 41 
ip ina pl 
x? -2x-8=0 vl6-8+1 | 
| 


x oe =a 
(-2)* —2(-2)+1 
V44+441 


WwW WwW Iw 


(x-4)(x+2)=0 V9 
3 3 


sy ed! x=-2 
The solutions are 4 and —2. 


51, V4x +1-V2x +4 =1 Check: 
(Jaret ye(eeeeay =e 
4x +1=1+2v2x +4 +2x +4 wi wd: 
4x +1=5+2x +2V2x +4 13 
(2x -4)? = (2v2% +4)" 
4x*-16x +16=4(2x +4) 


4x? -16x +16 =8x +16 
4x” -24x =0 


—S 
i>) 
S 
"] 
— 
! 


The solution is 6. 
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53. V5x+4-V3x+1=1 
(V5x+4) = (1+ V3x+1 ; 


5x+4=14+2V3x4+14+3x+1 


5x+4=24+3x+2 3x +1 AT SATS 
2} 
(2x+2)° =(2V3x+1) Sea 
4x? +8x+4 =4(3x +1) 
4x? +8x+4=12x4+4 
4x’ ~4x=0 
4x(x-1)=0 
0 — 1 = 0 
x= 
The solutions are 0 and 1. 
Soe vc? 44 -2=0 Check: 
x sii Ai(-2) 4 2 | 0 
era) =2 en te 
x74+4=8 V8 -2 | 0 
2_4=0 2-2 | (0 
( ae he 0=0 
x t+ DF a = sf 
x+2=0 x-2=0 x?74+4-2 = 0 
x=2 x=2 V2 42 1 0 
fy ¥ 3 
The solutions are —2 and 2. v4ir4—2 |] 0 
Vg -2 a0 
fps | 0 
0=0 
57. x? +x-1-1=0 Check: 
Ve yx-le=l eee = 0 
3 4 2 
(4 : =1" sod are Coe yee eee lane) 
x+x-l=1 SS =! 20 
x+x-2=0 Cpe | | 0 
(x+2)(x-1)=0 it on 
x+2=0 x-1=0 0=0 
x =2 x=1 


The solutions are —2 and 1. 
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59, 3¥x-2+2=x Check: 
3Vz 2 =x-2 feces 
5 : 3V2-2+2 | 2 
(3vx -2) =(@ -2) 3/042) 12 
O(x -2)=x?-4x +4 3(0)+2 | 2 
9x -18=x7-4x +4 0+2 | 2 
Pia) 
O=x?-13x +22 
O=(x—-2)Xx-11) 3845242 = * 
x -2=0x-11=0 3V11-2 +2 | 11 
Peon tag 34942 | 11 
The solutions are 2 and 11. 33)+2 | 11 
9+2 bela 
Hibs 
61. Strategy To find the width, use the 63. Strategy 
Pythagorean Theorem. 
The hypotenuse is the diagonal. 
The length is one leg. The unknown 
width is the other leg. 
Solution cr =q? +h? Solution 
10? = 87 +b? 
100 =64 +b? 
35=b? 
(36)"? =(67)"” 
/36 =b 
6=b 
The width is 6 ft. 
65. Strategy To find the distance the object has 67. Strategy 
fallen, replace v in the equation with 
the given value and solve for d. 
Solution y= /64d Solution 
400=/64d | 
2 
(400)’ = (64d) 
160,000 = 64d 
2500 =d 


The object has fallen 2500 ft. 





Chapter 9: Rational Exponents and Radicals 


Ondjcctive B Application Problems 


To find the distance, use the 

Pythagorean Theorem. The 

hypotenuse is the length of the 

ladder. The distance along the ground from the 
building to the ladder is the unknown leg. 


ec? =a’ +b? 
267 = 247 +b? 
676 = 576 +b? 
100=b? 
V100 =b 
10=b 
The bottom of the ladder is 10 ft from 
the wall. 


To find the distance above the water, replace d 
in the equation with the 
given value and solve for h. 


d= 15h 
3.6 = V1.5h 
(3.6)' = (15h) 
12.96 =1.5h 
8.64=h 
The periscope must be 8.64 ft above 
the water. 
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69. Strategy To find the length of the pendulum, replace 7 71. Strategy To find the distance, replace the variables v 
in the equation with the and a in the equation by 
given value and solve for L. their given value and solve for s. 


Solution Aya py 
60 = 20s 
3600 = 20s 


180 =s 
The distance is 180 m. 


Solution 





The length of the pendulum is 
4.67 ft. 


73. Strategy To find how much wider the HDTV is, use the Pythagorean Theorem to find the width of each television and 
subtract the difference. 


Diagonal: d, Height: h, Width: w 


HDTV Regular TV 
d?=h? +w? d*=h> +w? 
33? =16.2? +w? 27? =16.27 +w? 
1089 = 262.44 +w? 729 = 262.44 +w? 
826.56 =w? 466.56 =w? 
V826.56 =w V466.56 =w 
w =28.75 w =21.6 


W uprv — Regular = 28-75 — 21.6 = 7.15 
The HDTV screen is 7.15 in. wider. 


Z 
A pplying the  Orean 


7a. X +3=7 





x? =4 
3 Sa) Se Sse 
x is an integer, a rational number, and a real number. x iS an imaginary number. 
3/4 
la 


(x eater = (3)? 
x = Vet 


= 4096 
x =16 


x is an integer, a rational number, and a real number. 
Tl. a? +b? =c? 
a’ =c*-b? 


a=+tvc*-b? 
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79, Use the Pythagorean Theorem five times to determine the lengths of the diagonals for each triangle. 
c= Va? +b? ered nae 
e=vi? +1? =? eZ NG 
(v2) +P =V3 
(v3) +12 =V4 =2 
= (v5) +2 =V6 


The length of x equals V6. 





SOCHHHSSOHSHOHSOTHSHOSOSHSHHHSOSHSHOHSHSHHHOSHSHHOSHOHSOSOE C hapter Rey Tay 


1. (16x~4y 1)" (100% Sy 2)” i a ps V3x -5 =2 


= 2(10)x 2y? = 20x 2y? (4x —5)° =(2)4 
3x -5=16 

3x =21 

i), 


3. (6-Si)(4+3i) = 24 +18i — 201 - 1517 =24-27-15(-1) 4, Ty3v x? =7x%y 








= 39-2i 
5. (v3 +8)(v3 -2) = V3? -2v3 + 8¥3 - 16 6.  v4x+9+10=11 
= 3+6V3 -16 =6v3 -13 Nex +9 =i 
(Vax +9) =1? 
4x +9=1 
4x =-8 
x =—2 
7. cr gt Ae 1 tas 8 8 v3» _ 8y3y _ 8v3y_ 
7 i ¥ ees i a 
x ey v3y 3y ~ Jay 3 3y 
9. ¥-8q%!? = 3(-2)'a%!? = -2a7b4 10. V¥50a‘b? -abvi8a%b = V5? -2a*b? —abV3?-2a% 
= 5a7bV2b -3a°bV2b 
=2a*bV2b 
et ve V2 _ eve - V2 +2ve -2V2 12, St28 ¢ _ Si21 si 2-1) si] 
de ew? Ve eal? eho? ct ee ie 3(-1) 3 ofan 
_ xx —x V2 +2Vx -2V2 
x -2 


13. V18a°b° = ¥3?-2a°b* =3ab3V2a 
14. (v50 + v-72) - (Vi62 - V8) = (v5? -2 + v6? -2) - (v9? 2 — i V2? 2) = (5v2 +61-v2) - (V2 - 21-2) = 42 + 81-2 


15. 3x3 V54x8p!0 -2x 2p 3 Vl6x 5p? =3x 33? -2x Py! 2x2 3/23 24 5p7 = 9x 3p 2x 2y -4x 3p 3R2x2p = Sx 3y 32x 2y 
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Chapter Review 249 


16. Yl6x4y>? Yaxy> = 64x 5y° = 7/43 x5y = Axy 2x? 17, 1G-7i)=31- Ti? =31- 11) =7 +3 


. 6 ' ; +2 
18. 3x34 = 34/,3 19. 640%” = ${(-2)° 20%? 290, StS +t _ 5 +51 +91 +9i 
1-i 1+ 1=}2 
= ~2ab*¥2a3b? _ 5 +147 +9(-1) 
fe(21) 
=~  e 24 7i 


Zit 6 1 12 716 =1°N72 = (Ie? -2 =-6v2 


22, vx—-5+vx+6=11 Check: 
Sh ee See Vx ~5+Vx +6 =11 
(vx —5) =(11-vx +6)" V¥30-—5 +V¥30+6 =11 
V25 +¥36 =11 
x —5=121-22Vx +6+4+x +6 Ce vemae | 
x —5=127+x -—22Vx +6 1l=11 
-136 =-22vx +6 
6=~vx +6 
(6 = (vx +6) 
36=x +6 
30=x 
The solution is 30. 


23. V8iap!? = 4/3408? =302b3 24. V-50 =i 750 =iV5?.2 =5iV2 25. (-8+3i)-(4-7i) =-12+10i 


26. (5-6) =25-10V6 + V6? = 25-10V6 +6 =31-10V6 


27. 4xJl2x?y +y3x4y —x?J27y =4x 2? -3x2yp +y3x4y —x2¥3?-3y =8x7y3y +27 V3y =-3x7V3y =6x73y 


28. Strategy To find the power generated, replace 29. Strategy To find the distance, replace v and a in the 
vy in the formula and solve for P. formula and solve for s. 
Solution ee AOS Pa Solution vy = V2as 
20=4.05VP- 88 = /2(16)s 
4.94 =P 88 = 32s 
Py 
(4.94) = (VP) (88)? = (/206)s ) 
120=P 7744 = 32s 
The amount of power generated is 120 watts. 242=5 


The distance required to reach a velocity of 
88 ft/s is 242 ft. 
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30. Strategy To find the distance, replace b and c in the Pythagorean Theorem and solve for a. 
Solution a2 +b? =c? 
a? +(10) =(12)? 
a* +100 =144 b =10 
a’ =44 
Va? = V44 4 


a =6.63 
The bottom of the ladder is 6.63 ft from the building. 





COCOOOOHCH SOT OOOOHOSHHSSOSHH OHO OTH OHOOHHOHOOODOHSOOEOOE ; Chapter Test 


laps 4 ay 

2 2. 
2.  ¥54x 7p? —x/128x 4p? —x?¥2xy? = 43? x yp 22x) — x V4? x7 y 32x) — x? Yy? oye sy 4x?y ¥2x —x?y Vax 
= -2x2y ¥2x 
3. ay =38f/y? 4. (2+5i)(4-21)=8-4i +201 +20: -10i? 


=8+16i —10(-1) =18+167 


. | RGM ene MeN SORay ye 2, lm te 


i 


1. ° We tide ve =D Check: 8 Bx 3p 6 = 9/23x3y% =2xy? 
CRE | eee 
; ; V4+12 -v4 =2 
(vx +12) =(2+Vx) Vi6 - V4 =2 
x +12=4+4vx +x 4-2=2 
12=44+4Vx a=2 
8 =4Vx 
2=vx 
@y =(vx) 
4=x 


The solution is 4. 


: V3x (vx — V25x) = V3x? -V75x? = yx?@) - 52x?) 10. (5-2i)-(8-4i) =-3 +2i 
x3 Sx Glee ax}. 


11. 32x47 =2"s 5 Qy) =4x2y? 12. (2v3 +.4)(3v3 -1) = 6V3? - 23 +12v3 -4 


=(9el0v3 —4e14-1ty a 





13. (2+i)+(2-i)=4 14. 42 2N5_ 4-205 2405 _ 8445 ~4v5 - 25? 


22/5 ae 245 22 Js? 
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Cumulative Review 
15. Vi8a> +aV50a = 32a2(2a) +a52(2a) 


17. 


19. 


21. 


23. 


(as) 


25. 


= 3aV2a + 5avV2a = 8aV2a 


S 6 
(Couey e))  28x2yr' = 9642-6 84x" 
(x+y 8)!" x ye nye 
22 eSi 1 +2i 24+4i +31 +67? 
1-2i 1-2i 142i heirs 
Bee) at 4, 
1-4(-1) 5 55 





4-3/2 -3/2 6 ~ 
(sr) = eyo ere 


y32x°y _ [32x *y 7 [iss _ [42x* 4x? 
Jaxy3  V 2xy? yy Vy? 


To find the distance, replace v in the formula and solve for d. 


Strategy 


= 64d 
192 = V64d_ 
(192)? = (v6ad )’ 
36,864 = 64d 


576=d 
The object has fallen 576 ft. 


Solution 


= 24 +68 = 92 


-3(4x -1)-2(1-x)=-12x +3-2+2x 
=-10x +1 


b3 


8a° 


23 .3-4(3-4-5)=23-3 -4(3 -20) =2?-3-4(-17) 
= 8-3 -4(-17) =24 -4(-17) 


16. 


18. 


20. 


22. 


24. 


2. 


251 


-3vb )(2va +5Vb) =2Va? +5Vab -6Vab -15Vb? 


=2a —vVab —15b 
vx vx 


vx ty, vx? + yay _ x se 





Ney ve eyy Vem byeteyy ee 


(V-8)(V-2) =i v8 -7V2 =i? V16 = -4 


Vox -24+4=2 Check: 
3 _ 
pre aes V2x -2+4=2 
x =2) : 3/2(-3)-2 +4 =2 
oa YB 4422 
—, + = 
re 24+4=2 
2x = -6 nee 
x=-3 . 
The solution is -3. 
V27a‘b3c? =} 33a°b °c S(ac) =3abe?Vac 





: aR 
Cumulative Review 


4a% —a? = 4(-2)°(3)-(-2) = 44)3)- C8) 
= 16(3) —(-8) = 48 -\-8) 
=48+8=56 


saey =4 
3 


melee) 


Fess) 
The solution is = 
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a 


10. 


11. 





Chapter 9: Rational Exponents and Radicals 


2[4 -2(3 - 2x )]=4(1 -x) 6. 6x —3(2x +2)>3-3(x +2) 7 = 2+/4-3x|=5 
2[4-6+4x]=4-4x 6x —6x -6>3-3x -6 4 -3x|=3 
2[-2+4x]=4-4x -~6 >-3 - 3x 4-3x=3 4-3x =-3 
—4+8x =4-4x —6+3x >-3-3x +3x -3x =-1 -—3x =-7 
—4+8x +4x =4-4x +4x 3x -—6>-3 aL arg 
12x -4=4 3x -6+6>-3+6 ; be 
12x -4+4=4+4 She Sos) The solutions are = and =e 
IDA eats 1 1 
(=) = —(8) 
12 12 57 Sl 
eed {x|x >1} 
3 
a ate 
The solution is Be 
2x +3|/<9 9 A= sh = 5 (25)05) = 12.5(15) = 187.5 
—-9<2x +3<9 
The area is 187.5 cm’. 
§=3<1443—3'59-3 sheer re 
-12 <2x <6 


5(12)550x)s 56) 


6<sx <3 
{x|-6s x <3} 


[223 
=o HY of aed bat ae 

= =e = =3) =O DNS) = Seo MPa so 3a! 

Be uf, 4 ap 4 ; 1(2 -2)-2(0 -6) - 3(0 +3) (6-33 


To find the y-intercept, let x =0. 
3(0)-2y =-6 
y =3 = They -intercept is (0, 3). 
To find the slope, find the x-intercept and use it to find the 
slope. 
3x —2(0) =-6 
x=-2 The x -intercept is (—2, 0). 
ey yay we = 0 3 








The slope is >. and the y-intercept is (0, 3). 
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Cumulative Review 


12. 


15. 


17. 


19, 


j 21. 


23. 











13. First find the slope of the line. 14, 2x -y =4 
sek eed BY Tagg teibe —2x +3y = 
Use the point-slope formula to find the Dim E 3 - Z 
equation of the line. Oe 
y -y, =m(x -x)) D, = j=17 
1 ay 
y -3=—G -2) 24 
3 D,= J-18 
1 2 ~2 5 
a ae pep: Bl 
mia D4 
3-3 _D» _18_9 
The equation of the line is er et Ae 
Pa ers ae = Gl 71.9 
UP Se re The solution is | —, —]. 
3 3 es 
= = =2 = 
ee \2*y') =(2- xy *)\27y*) 16. 81x’-y? =(9x+ y)(9x-y) 
a2 2 ety Ore Oly) Seep 
5 3 4 2 2 2 R-C 
x° +2x -3x =x(x +2x -3)=x(x +3)(x ~1) 18. = 
= 
= x(x? +3)(e +1) -1) ee, 
nP =R-C 
nP+C=R 
C=R-nP 
-2/3., 1/2 \® Aes 5 
[ =. saxty Dag ty ary 20. V40x? -x-V90x = 2?x?(10x) -x y37(10x) 
m =2xV10x -—3xv10x =-x 10x 
4 4. V6+V2  4V6 +4V2 
- =5)=¥3? —5V3 - 2200 eee ee 
(V3 -2)(V3 -5) = v3? - 53 -2v3 +10 eR Cs ee re 
= 3-743 +10 =13-7V3 
_4V6 +4V2 _4V6 +4V2 ee 
6-2 4 
2) _ 21 384i _ 6 +21" _ 61 +21) 24. ¥3x-44+5=1 Check: 
3-i 3-i 3+i 9+1 #10 Ve ate V3x -4 +5 
< x-4=-4 a 
ee ee , 3/3(-20)-4 +5 
joy Ss (¥3x -4) = (4) (6a +5 
3x -4=-64 eipwe 
3x = -60 
x =-20 
The solution is —20. 
A es 
Ei) B, 
8 18 
IDS DE 
8(DE ) = 12(18) 
8(DE ) = 216 
DE = 27 
The length of side DE is 27 m. 














253 


— ef 
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26. Strategy 
Solution 

27. Strategy 
Solution 

28. Strategy 
Solution 

30. Strategy 
Solution 


e Amount invested at 8.4%: x 


Principal 


Amount invested at 7.2% 
Amount invested at 8.4% 
e The total amount of interest earned is $516. 


0.072(2500) + 0.084x =516 
180+0.084x =516 
0.084x = 336 
x =4000 
$4000 must be invested at 8.4%. 


e Unknownrate of the car: x 
Unknown rate of the plane: 5x 


Distance 


Car 


Plane 


e The total time of the trip was 3 h. 


2G) ae 
x 3) 
5x & a = 2{Gee) 
x 5x 
125 +625 =15x 
(50= 15% 
S0=% 


5x = 5(50) =250 
The rate of the plane is 250 mph. 


To find the time it takes light to travel from 
the earth to the moon, use the formula 

RT =D, substituting for R and D and 
solving for 7. 


REP SID) 
1.86 x 10° - T = 232,500 
1.86x 10° - 7 =2.325x10° 
T =1.25x10'° 
T=1.25 
It takes 1.25 s for light to travel to 
Earth from the moon. 


2500 
x 


Chapter 9: Rational Exponents and Radicals 


Interest 
0.072(2500) 
0.084x 


Rate 
0.072 
0.084 


Rate 





X,—-x, 5000-0 5000 
The slope represents the simple interest rate on an 
investment. The interest rate is 8%. 


To find the height of the periscope, replace d in the given equation and solve for h. 


d =¥1.5h 
7=¥1.5h 
(Wish) 
49 =1.5h 
32.7 xh 
The periscope must be 32.7 ft above the water. 
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achat 





1 Vig = 2-9 
3/2 


5. 4x? +28x+49 =(2x+7)? 6. 


Yes 


9, x(x-l)=x+15 
x -x=x4+15 
x? —2x-15=0 
(x-5)(x+3)=0 
x-5=0 x+3=0 
585) x=-3 


The solutions are —3 and 5. 





Chapter 10 
Quadratic Equations 











J-9 =3i Sot 2 ee 2 4, 
x-] x-l x-l 
SEO rl 
x-l 
max! 
x-l 
4x? —4x+1=(2x-1)? 7. 9x? -4=(3x+2)(3x-2) 8. 
10. Aes 
x-3 x 


ee) 
x-3 x 
4x =16x-48 


-12x =-48 
x=4 
The solution is 4. 


vemanea Go Figure 





rAsarvmnnter Rest ; ETH STONES 
Ee ANE are An had 






b? — 4ac 
(4)? - 4(2)(1) =16-8 =8 


{x|x<-I}{x|x<4} 


5 =F SSeS Ol) 2 a aS 





The repeating decimal 0.999... has digits 9. The repeating decimal 0.999... is equivalent to 9/9 which equals 1, and vi=1. 


Therefore the value of A is 9. 





UEP ASSENT S PEROT TIT aS: 
Sian z 


3. 2x? —4x=5 
2x” -4x-5=0 
a=2,b=-4,c =-5 


11. s?-s-6=0 

(s —3Xs +2)=0 

s-3=0 s+2=0 
GSs s=-2 

The solutions are 3 

and —2. 


5; 


13. 


5x=4x? +6 7. 
4x? -5x+6=0 
a=4,b=-5,c =6 


y? -6y +9=0 15. 
(y -3Xy -3)=0 
y -3=0 


y -3=0 
iN ee 
The solution is 3. 


ameurceema Section 10.1 : 











x*-4x =0 9. 
x(x -4)=0 
x -4=0 
x=4 
The solutions are 0 
and 4. 


=O 


9z* -18z =0 

9z(z -2)=0 

9z =0 z-2=0 
zai) Za 
The solutions are 0 
and 2. 


17. 


t?-25=0 
¢ -—5)t +5)=0 


t-5=0 fas) 
t=5 t =-5 

The solutions are 5 

and —S. 


r? -3r =10 
r?-3r -10=0 
(r —5)\(r +2)=0 


r-5=0 7+2=0 
ria r=-2 

The solutions are 5 

and —2. 
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19. 


25. 


31. 


37. 


43. 


vy? +10=7y 
vy’ -7v+10=0 
(v-2)(v-5)=0 
y —-2=0 y -5=0 
1) eS Vast 
The solutions are 2 
and 5. 


3w++1lw =4 
3w?+1lw -4=0 
(w —1)(w +4)=0 


3w -1=0 w +4=0 
3w =1 w=4 

1 

w=— 

3 


The solutions are 5 and +4. 


x +18=x(x -6) 

x +18=x7-6x 
O=x*—7r 18 
O0=( -9)(x +2) 

x -9=0 x +2=0 

y= 9 x =-2 

The solutions are 9 and -2. 


(3x—4)(x+4) =x? —3x-28 
3x? +8x -16 =x? —3x-28 
2x’ +11x+12=0 

(x+4)(2x +3) =0 


x+4=0 2x +3 =0 
x=—-4 2x =—3 
3 
x=- > 
2 


The solutions are 4 and — >. 


2x? +3bx +b? =0 
(2x+b)(x+b)=0 


2x +b =0 x +b=0 
2x =-b x =-b 

b 

x=-— 

2 


The solutions are 2 and —b. 


27. 


33. 


39. 


45. 


2x? -9x -18=0 
(x —6)(2x +3)=0 
x -6=0 2x +3=0 
y= 6 2x =-3 
3 
5) SoS 
2 
The solutions are 6 
3 
and -—. 
2 
6x? =23x +18 
6x? —23x -18=0 
(2x -—9)(3x +2)=0 
2x -—9=0 3x +2=0 
Ds SY 3x =-2 
9 D} 
x =— x =-— 
Dy 3 
: 9 2 
The solutions are — and -—. 
2 3 
4s(s+3)=s-6 
4s? +12s=s-6 
4s? +115 +6=0 
(s+2)(4s+3) =0 
s+2=0 4s +3 =0 
gs =—2 4s =-3 
3 
s=-—— 
4 
5 


The solutions are —2 and — ve 


x? -9bx+14b? =0 
(x-2b)(x—7b)=0 


x —2b=0 x —-7b =0 
x =2b ep 
The solutions are 2b and 7b. 


3x? -14ax +8a? =0 
(x —4a)G3x -—2a)=0 


x -4a=0 3x —2a =0 
x =4a 3x =2a 
2a 
x =— 
3 


The solutions are 4a and = 


23. 


29. 


35. 


41. 


47. 


Chapter 10: Quadratic Equations 


4z?-9z +2=0 
(z —2X4z -1)=0 
z-2=0 4z -1=0 
Z=2 4z = 


The solutions are 2 and ~. 


4-15u —4u? =0 

(1-4u)(4+u)=0 

1-4u =0 4+u =0 
—-4u =-1 u= 4 


u=— 


4 


The solutions are - and -4. 


u>—2n +4 =(u —3)u +2) 
u?—2u +4=2u? +u -6 
Q =u? +3u -10 
O0=(@ -—2)u +5) 
u+5=0 
u=-5 
The solutions are 2 and —5. 


x? —6cex-— 7c? =0 
(x-7c)(x+c)=0 


x -7ce =0 
3) = ie 
The solutions are 7c and —c. 


x +c =0 


x =-Cc 


3x? -8ax —3a? =0 
(3x +a\Xx -—3a)=0 


3x +a =0 x —3a=0 
3x =-a om = ate 

a 

x=-— 

3 


The solutions are = and 3a. 
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Section 10.1 257 
49. 4x? +8xy +3y? =0 Sl. 6x? +1 lax +4a? =0 
(2x +3y (2x +y)=0 (2x +a\3x +4a)=0 
2x +3y =0 2x +y =0 2x =-a 3x =—4a 
2x =-3y 2x =-y Pie lates ape ad 
ee Sy. ake . 
2 3 The solutions are ey and = 
The solutions are -=~ and -~. 
Zz ep 
COCSOHHOOOOOHHSHHOTOHHTOSHOHHHHOSOHTTHSSHHOOSHOEHOOOLEE Obdjective B Exercises 
53. (x -n)\(x -7,)=0 55. (x-n(x-—r,)=0 57. (x-n)(x -r,)=0 59, (x -n,)(x -7,)=0 
(x -2)( -5)=0 [x -(-2) [x -(-4)]= (x - 6)[x -(-1)]=0 (x -3)[x -(-3)]= 
x? —~7x +10=0 (x +2) +4)=0 (x —6Xx +1)=0 (x -3)@ +3)=0 
x? +6x +8=0 x? —5x -6=0 x?-9=0 
61. (x -—n)(x -7,)=0 63, (x —n)\(x -1)=0 65. (x —n)(x -r,)=0 67. (x —n)(x -7,) =0 
(x -4)(x -4) =0 (x -0)(x -5)=0 (x -—0)@ -3)=0 @ -32 * }=0 
x? -8x +16=0 x(x -5)=0 x(x -3)=0 
x’ —5x =0 x? -3x =0 Pe 
2) 2) 
2 3 
E -—x +3)=2 0 
2) 
2x? -7x +3=0 
69. (x —r,)(x —r,) =0 71. (x -r, (x -r,)=0 73. (x-7 x-1m)=0 aS: (x —r,)(x -r,) =0 
[= -(-3} | -—2)=0 [= -(-3] fe -Cal=o |=-(-3] x-5 = (x-{« -=)=0 
5 2) 
(x + le -2)=0 (x +3) +2)=0 [x43 ine | =O ee ee 
4 3 4 6 6 
11 10 Jes 
{a 94 —x+—= f (x?-2 +2}=6 0 
11 eto Diag |a9-0 : 
a{x?-2x -3\=4 0 { 74x +— *)- 3-0 9) 6x“ —5x +1=0 
2 3 9x? -4=0 
4x? -—5x -6=0 3x“ +1lx +10=0 
77 (x -n)(x -7,) =0 79. (x —n)(x -7™) =0 81. (x -n)(e -™) = 
Fos -(-3)I-9 Fe lbaeale (}-Z}e-- iyo 
5 2 4 2 
(x -2 +5 }=0 (x tile +5 \=0 (« -2\« +i) 
5 eZ, 9) 5 10 
) Jie i peas eee paces 
ie ioe rey x sca Sac mt <0 
py = tae 7 ( ne =) 
-——X -— |= 8 — —|= 50 ae ee = 5) 0 
10{ 107 5 10-0 x re ss 8-0 x 5% 50 
10x? —7x -6=0 8x? +6x +1=0 50x? —25x -3=0 
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83. 


91. 


99. 


107. 


y? =49 85. ze =-4 87. s?-4=0 89. 
Jy? =4V49 v2? =4v-4 ae 
eT z= 421 Vs? =+v4 
The solutions are iw) The solutions are 2i ae +2 
and —7, and —2i. The solutions are 2 
and —2. 
y?+49=0 93. v?—48=0 95... <r? =75.=0 o1. 
y? =-49 y? =48 4=75 
Jy? =4v-49 Wy? =4V48 4 Ee AE) 
y =t7i v =+4/3 r = +53 
The solutions are 7i The solutions are 4V3 and The solutions are 
and —7i. Ss 5V3 and -5V3. 
—1) =36 101. Dice 
oe a et af 103. 5(z +2)? =125 105. 
X= = +6 2 =, 
x —-1=6 x -1=-6 eae y(z +2)? =4+V25 
pe x=-5 pee tL ee z+2=45 
The solutions are 7 fe a z+2=5 z+2=-5 
and —S, ae ha z=3 z=-7 
The solutions are 0 The solutions are 3 
and -6. Ando 
(x +5)? -6=0 109. ( -3) +45=0 
(x +5) =6 ( -3) =-45 
Vx +5)? =+V6 V@ -3) =+v-45 
x+5=1V6 vy -3=431V5 
x +5=V6 +5 ZN: ve eer ve 3iv5 
$e rnb, = V6) vy =34+3i05 See 
The solutions are —5 + V6 and The solutions are 3 + 3i V5 and 
5-6. 3-315. 


The solutions are 


9 +.9./2 


3 
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Objective C_txera 
hjective Exercises 


Chapter 10: Quadratic Equations 


z?>=-18 
vz? =4v-18 


z =+3i1V2 
The solutions are 


31/2 and —3i42. 


v {ee 
2 2 

i 1 1 
y- == y- == 

2&2 2 2 

Dil vy =0 
The solutions are 1 
and 0. 








ae = 


Section 10.2 


113. 


119. 


(x -7)(# -r,)=0 
(= - 2px -(-s2)]=0 
(x - valle +2) =0 


x?-2=0 


(2x -1)? =(2x +3)? 


Vox =i) = +y(2x +3) 


259 





x 
Applying the  Oian 


115. (x -ry)(x - 7.) =0 117. 4q’x* =36b? 
(x -3v2)[x - (-3v2)]=0 2a 360 
(x - 3V2)(x +3¥2)=0 ba 





2 = 
x“-18=0 Py 

2 

vx? =+ ace 

2 

a a 

Since a > 0 and b > 0, the solutions 

3b 3b 

are — and -—. 
a a 


Briel = +y(2x +3)? =+(2x +3) 


2x -1=2x +3 


-1=3 
meaningless 


solution 


The solution is — > 


es UR AG eer 


x’ -4x-5=0 

x? -4x=5 
Complete the square. 
x’ -4x4+4=54+4 


(x-2)'=9 
(x-2)° =+/9 


x-2=3 
x -2=3 x-2=-3 
33 S38) x=-l 


The solutions are 5 
and -1. 





2x —1=-(2x +3) 


4x =-2 
1 


sonanans SeCtion 10.2 oxen 





 Orente A Exercises 


z’>-—6z +9=0 
z?-6z =-9 

Complete the square. 

2? -6z+9=-9+9 


5S. =v? 4+8v-9=0 7. 
vy? +8y =9 
Complete the square. 
v? +8y +16 =9+16 


7) 
v+4) =+/25 
aye ey (2 -3Y =+V0 
yv+4=5 v+4=-5 es) 
y=l y=-9 z=3 
The solutions are 1 The solution is 3. 
and —9, 
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15. 


21. 


r?+4r-7=0 11. 
r+4r=7 

Complete the square. 

r?+4r+4=74+4 


x? -6x =-7 
Complete the square. 
x? 6x +9=-74+9 


2 
r+2) =+vll 
r+2=+Vi1 (3)? = tv2 
r¢+2=Vll ——ort+2=-vil x -3=4V2 
r=-2+ 11 r=-2-Vil cede eae 
The solutions are -2 +11 and Beare BP SS: 
pw ie The solutions are 3+~/2 and 3-2. 
s?-5s-24=0 17. x? +5x-36=0 19. 
s? —5s=24 x? +5x=36 
Complete the square. Complete the square. 
25 25 25 25 


gs? -—5s+—=244+— 
4 


x? +5x+—=36+— 
4 4 





The solutions are & and <3. The solutions are 4 and —9. 





t?-t -1=0 23. y?-6y =4 25. 
papel Complete the square. 
Complete the square. y?-6y +9=449 
pte ol4e (y -3)° =13 
iY 5 Vy -3" =4vi3 
Ca y -3=4V13 
1\? 5 y -3=V13 y -3=-V13 
( -3) ae 4 y =34+13 y =3-v13 
1 Ar The solutions are 3 +13 and 
Bag Seis F ge ioe 
ee eke esd. 
Za 2 2 
ees 1 V5 
t=—+— t=-=—-— 
wD 2a 
The solutions are 4 5 and oo ee 


x?-6x +7=0 13. 


Chapter 10: Quadratic Equations 


z?—2z+2=0 
z’—2z =-2 

Complete the square. 

z*-2z+1=-2+1 


(z -1" =-1 


V@ -1" =4v-1 
z-l=ti 
z-l=i z-l=-1 
z=l+i Ze 
The solutions are 1+i and 
1-i. 


p’-3p+l=0 
p’-3p=-l 


Complete the square. 








The solutions are eae and 
eee Ey 
saan 
x? =8x -15 
x? -8x =-15 


Complete the square. 
x? -8x +16 =-15416 


(x -4y =1 


(x -4)? =4V1 
x-4=41 
x-4=1 x-4=-1 
5) et) x= 3 
The solutions are 5 and 3. 
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27. vy? =4y -13 
vy? —4y =-]3 
Complete the square. 
v?—4y +4 =-134+4 


 -2) =-9 


y@ =2)' =+V-9 


vy —-2=43i 
y -2=3i y -2=-3i 


y =2+3i y=a2— 3) 
The solutions are 2+3i and 2-37. 


33. z>=z+4 
z’-z=4 
Complete the square. 


1+17 


The solutions are mech and 


Ai 


ae 





29. 


35. 


Pp? +6p =-13 
Complete the square. 
p> +6p +9=-13+9 


(p +3) =-4 


Vp +3¥ =iv4 
pt+3=2i 
pt+3=2i p+3=-2i 
p =-3+2i p =-3-2i 
The solutions are -3+2i and 
—3-2i. 


x? 4+13=2x 


x? -2x =-13 
Complete the square. 
x? -2x +1=-13+1 


(x -1)? =-12 
NG -1)? =+V-12 
x eT = 121 V5 
eee) see SeTwe 
eee 2iy3 8) xis t—-21 V3 


The solutions are 1+2iV3 and 
RoI. 


31. 


37. 


y?-2y =17 
Complete the square. 
y?-2y +1=17+1 


(y -1% =18 
Vy -1)? =4vi8 
y -1=43V2 
y -1=3V2 Vel-e3y) 
y =14+3V2 yy =1-302 


The solutions are 1+ 32 and 
13/2. 


4x? -—4x +5=0 
4x? —4x =-5 
4 (4x? -4x) = —(-5) 
4 4 
2 5 


x°-xX =-— 


4 
Complete the square. 


The solutions are a +i and - i. 
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39. 9x? -6x +2=0 
9x? ~6x =-2 


ee p) 

xo ==xX =-— 

3 9 

Complete the square. 
ye 1 Pl 
x*-=x +—=-—+— 
3 9 9 


45. y -2=(y -3)y +2) 
y-2=y’-y -6 
y?-2dy =4 
Complete the square. 
y?-2y +1=4+41 


(y -1)'=5 
vy -19 =4N5 
y-l=iv5 
y-l=V5 yy -1=-v5 
y =14+V5 y =1-V5 


The solutions are 1 + V5 and1-45. 


41. 


47. 


257 =45 +5 43. 


2s*-4s =5 

eo 1 
—(2s° -4s)=—(5 
x (28° - 48) =>) 
oe 
2 


Complete the square. 


s?-2s ree 
2 





(s -1Y =— 
Of 
ee 
vs 5 
s-l=+ Eee 14, 
2) yD 
V14 V4 
s—1=—— s —-1=-—— 
2) 2 
2 14 2 vi4 
5s =—+— 5 =—-— 
pe 59) Dy 2) 
The solutions are : wn and 
o— 41d. 
-i 
6 —-2=(2 -3)¢ -1) 49. 


6& -2=27 -5t +3 
4? -1lt =-5 
es 1 
—(%*=114)\=—C5 
ri ) 505) 
seee 5 


Complete the square. 
2 ay 21.3. 121 


= +— — 
2 16 2° 16 


(aed 
4 16 


2 
( -2) nel 
4 16 


pees 
Th 
pest ne) aed 
4 4 AGA 
20 oe Ei 
(=—= tz=—=— 
4 Fie 


The solutions are 5 and > 


Chapter 10: Quadratic Equations 


2r? =3-r 


Complete the square. 


a, ul 1 oS ee! 
ro +—r+—=-+— 
2 NG 7 ils 


The solutions are 1 and — ~. 


(x -4)(x +1)=x -3 
x? -3x -4=x-3 


x?-4x =] 
Complete the square. 
x?-4x +4=1+4 


(x -2)' =5 


V(x -2)? = +v5 
x -2=+v5 
x -2=—5 x-2=-V5 
x=24+V5 x =2-V5 
The solutions are 2+/5 and 2-45. 
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‘Applying the Concepts 


51. z?+42z =4 53. 2x? =4x -1 55. 7 pg yeas 
27422 +1=441 2x? 4x =-1 ee 
2 
(z +1) =5 x? 2x = =3 Peart ato 
V@ +1)? =4V5 ; 1 i 5 
—2x +1=-—+] +—| =— 
z+l=+V5 ‘s “4 a) =: 4 16 
z+1=V5 z+1=-v5 @ eee (ea. aaah [5 
ee Se” lee 
z=-1+45 p15 2 4 16 
z =1236 z =-3.236 [ae (eS, 
|| =+,/— + = + 
Cee 2 or ae TA 
ee £ Tess pales v5 
2 4 4 Lie Dae 
x-l= A x -l=- a ae PIS pees 
2 5) tea Ae a 
i 7 z= 0.309 z=-0.809 
x =14+,/— x =l1-,/— 
x =1.707 x =0.293 


57. x? -ax -2a* =0 


x*-ax =2q’ 
Complete the square. 


ae 
x-—a| =1,/—a 
2 4 
3 keees Rae uae 
2 4 Z 
1 3 1 3 
x -—a=-—a x--a=-—a 
2 2 Z 
20 x =-a 


The solutions are 2a and —a. 


59. x? +3ax -10a* =0 


x? +3ax =10a° 
Complete the square. 


x? +3ax +a =10a’ ae 


( 3 y 49 , 
x+—a| =—a 


2 4 
| 2 
(x +3a] = +/a? 
2 4 
3 7 


x+-a=1t—a 
2 


Wf 3 7 
x +—a=—a x+—-a=-—a 
2 2 
x =2a x =—-Sa 
The solutions are 2a and —Sa. 
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SRE SeCtion 10.3 mame 
3. x?-3x-10=0 5. yy? +5y -36=0 
a=1,b =-3,c =-10 Q= 190 onc = —50 
ae +b? -—4ac ee +b? -4ac 
a 2a 2a 
_ ~(-3) ¥(-3)" - 40-10) as + (5) - 4(1X-36) 
2(1) 2(1) 
_34V9440 34V49 347 -5+V25+144 -5 +169 
‘ 2 Crore oe: p 2 
+7 3-7 —5+13 
= = 
2 2 > 
pal RTS Seen en 2 eee ie 
2 2 ot ae 2 
The solutions are 5 and —2. 8 -18 . 
=> = 
The solutions are 4 and —9. 
9, v2 =24-S 11. 2y? +5y~1= 0 
v2 +5y -24=0 ga 2 b=5 cK! 
a=1,b =5,¢c =-24 -b+ Vb’ -4ac 
eu) +vb? —4ac ; 
~ 2a _ ~5ty(5) -4(2)(-1) 
2(2) 
5 +4(5)? -4(1X-2 
22a _ 542548  -5 +33 
4 4 
-§+V25+96 -5++121 y. 
Die Se re eee 54.33 
2 4 The solutions are ey and 
-5+11 
era -5 - 33 
5411 Sod 4 
v= 4 LP 
é 2 2 
=—=3 mG er G 
2 2 


The solutions are 3 and -8. 





13. 


Chapter 10: Quadratic Equations 


LS TN 





OTnreenis A Exercises 


= 8w +72 
-8 -72=0 
a=1,b =-8,c =-72 


SOE Nb *_4ac 
2 2a 
_ 8) V8 - 472) 


2(1) 

_ 8+V64+288 — 8+V352 
2 2 
a =4+42V20 


The tae are 4+2V22 and 
4-222. 


857 =10s +3 

85? —10s -3 =0 
a=4,b=—10;c=3 
-b +Vb? —4ac 


2a 


—(-10) + y(-10) - 4(8\(-3) 


2(8) 
10+V¥100+96 10++V196 


s= 
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iS. Yo l4y-4 17. 277-22 -1=0 19. 
perso a=2,b=-2,c=-l 
a=1, b=-14, c=4 
_-b tvb? -4ac 
ve ot vot = 4ac As ma 


(-14)2 (-14)' - 4(1)(4) = OD EVC2" = 4Q)ECD 











144 V196-16 | 144/180 _24V44+8 _ 2412 
oe 4 4 
a 14t6V5 9435 _242V3 _14+v3 
2 4 2 
The solutions are 7+3/5 and ; LE Gere 
The solutions are and ———. 
7-35 . 2 2 
21. y?-2y +5=0 23. 57-45 +13=0 25. 
a=1,b=-2,c=5 a=1,b=-4,c=13 
_-b +vb? -4ac bya +vb* —4ac 
2a 2a 
_ 22) tV(-2) - 406) _ (4) v4) - 40003) 
2(1) 2(1) 
_ 244-20 _ 24-16 _ 4416-52 44-36 
2 g b3 2 


The solutions are 1+2i and 1-27. The solutions are 2 +37 and 2-3. 


27. 2x*+6x +5=0 29. 


a= 2ebl= 0. C => a=4,b=-6,c=9 





vet Nb? -4ac + =o t Nb! -4ac 
2a ‘ 2a 
_ 6-6)" -42)5) _ (6) V6)? = 49) 
2(2) 2(4) 
_ 6436-40 _ -6+V-4 _ 6+V36-144 _6+V-108 
4 4 i 8 es 
_ 621 _-3ti _6+6iV3  343iV3 
4 2 cay me oe ee 
. ca 
The solutions are sie and ietooltitions are <P ; 33 Ape 
Bat, i tate 
2.2 okey 
4 4 


4t?-6 +9 =0 31. 


265 


z*>+2z+2=0 
asi, ost, Sr 


oe ~b tvb* —4ac 
2a 
2 + (2) -40X2) 


2(1) 





_-24V4-8 -24V-4 
2 2 
_ 72 t2i we 
2 


The solutions are -1+/ and -1-i. 


2w? -2w-5=0 
a=2, b=-2,c=-5 
_~bt vb? —4ac 
2a ; 
_—(-2) 4 y(-2) -4(2)(-5) 
2(2) 


2+V4+40 2+ /44 


4 
“aaovit_1evit 


é 7 


EAT 
D) 


The solutions are and 


I-yit 
a 








p* - 8p +3 =0 
a=1,b=-8,c=3 
yp oxbtte? — dae 


2a 
~(-8)E¥(-8)* - 43) 


20) 
8464-12 


2 8+ 2713 


2 
=4+413 
24+ 3.606 
p + 4+3.606 px 4-3.606 
s 7.606 w 0,394 
The solutions are approximately 7.606 
and 0.394. 
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33. 


39. 


43. 


w-+4w-1=0 35. 


a=1,b=4,c=-1l 
i -b+4b? —4a0 
2a 
a 4444? — 41-1) 
7 2(1) 
_ 44f16+4 


2 
_ 44420 
“OF 


—4+2J5 


w 2 —-2-2.236 
wv —4.236 

The solutions are approximately 0.236 

and 4.236. 


4x? +20x +25 =0 41. 


G=4b=—20ne=25 

b? —4ac 

20? — 4(4\25) = 400 - 400 =0 
Since the discriminant is equal 

to zero, the equation has one 

real number solution, a double root. 


x? —6x +p =0 45. 


x*-6x =-p 
Complete the square. 
x?-6x +9=-p+9 


(x -3)?=-p +9 


V(x -3)? = /9-p 
x -3=+/9-p 
wd Saati) 79) 
x will be real, and there will be two 
nonequal solutions if 9— p >0. 
Solving the inequality gives p <9. 
The values of p are {p|p <9}. 


2y? =y+5 37. 


2y* -y-5=0 
a=2,b=-1,c=-5 
_=b +b? —4ac 

















2a 
_ DEVIN? = 4295) 
2(2) 

_1+41+40 
ne: 
_ 14441 

4 
_ 146.403 
"4 
_1+6.403 _1-6.403 
ee prea 
_ 7.403 _ -5.403 
" A 4 
~1.851 ~-1.351 


The solutions are approximately 1.851 
and —1.351. 


3? —4(3X-2) =9 +24 =33 

33>0 

Since the discriminant is greater than 
zero, the equation has two real number 
solutions that are not equal. 


x?-2x +p =0 47. 


GSN (PS, O =p 


aie -b +vb* —4ac 
2a 
_ 2-2) v2)" - 40) 


2(1) 
— 2+y4—-4p aed c 1 aE vl _ P 
x will be complex, and there will be 


two solutions if 1—p <0. Solving the 
inequality gives p >1. The values of 


pare {p|p >1}. 


Chapter 10: Quadratic Equations 


3y>+y +1=0 

= 350i 

b? —4ac 

1? -4(3\(1) =1-12=-11 
-11<0 

Since the discriminant is less than 


zero, the equation has 
two complex number solutions. 





Appiving the Cancepts 
- bee) 


x? +ix+2=0 
a= b= ie 


-b+ Vb? -—4ac 
x = ———_—_————_ 


_wity? -4(1)(2) 
pense 








2 
_ 13 
2 
-1+3i -i-3i 
eS v= 
2 2 
flee =~ s) 
2 2 


The possible solutions are i and —2i. 
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13. 





ER ESM 


x4-13x? +36 =0 
(x?) -13(x?) +36 =0 
u? —13u +36=0 
(u -4)u -9)=0 
u-4=0 u-9=0 
u=4 
Replace u by x’. 
x?=4 x?=9 
Vx? =4V4 Vx? =+V9 
os See) tS 
The solutions are 2, —2, 3, and 
—3. 


nS) 


x —x'? _12=0 
(x'?)° — (x ?)—12=0 
u*—u -12=0 
(u +3)u -—4)=0 
u+3=0 u-4=0 
u=-3 u=4 
Replace u by x”, 
x? =-3 x= 4 
(x my = (-3)° (x wey’ aye 
a9 0 
16 checks as a solution. 9 


does not check as a solution. 
The solution is 16. 


p +2p'? -24=0 
(pi?) +2(p'?)-24=0 
u>+2u —24=0 
(u +6)u -—4)=0 
u+6=0 u-4=0 
u=-6 u=4 
Replace u by p'”. 
2 2 
(p') =(-6)" (p i?) = 4? 
p =36 p =16 
16 checks as a solution. 36 


does not check as a solution. 
The solution is 16. 


meneame SECON 10.4 meeexeeawan 


3. z*~6z7+8=0 5. 
(2?)’ -6(z?)+8=0 
u?-Gt +8=0 
wu -—4)u -—2)=0 
u-4=0 u-2=0 
a= 
Replace u by z’. 
2° =4 z?=2 
vz? =1V4 vz? =4V2 
bf a0) bg =a) 
The solutions are 2, —2, V2 , and 
-V2. 


u=4 


9. z+43z*-4=0 11. 


(2?) +3(z7)-4=0 


u>+3u-4=0 
(u +4)u -1)=0 
u+4=0 u-1=0 
u=-4 u= 
Replace u by z”. 
z?=-4 z=] 
vz? =iV-4 vz? =4vi 
Say 4S 3Ell 


The solutions are 27, —27, 1, and —1. 


15. y 7B —9y 3 48 =0 17. 
(y 8)’ -9(y 7) +8 =0 
u?-9u +8=0 
(u —1)u -8)=0 
u-1=0 u-8=0 
u=l u=8 
Replace u by y "7, 
y®=1 y'B=8 
(y Hey a2 (y Joy a3 
y=l wie S12 


The solutions are 1 and 512. 





Opdjective A 


p -3p? +2=0 
(p¥?)’ - 3(p 7) +2 =0 
u? -3u +2=0 
(u -1)@ -2)=0 
u-l1=0 u-2=0 
=P 
Replace u by p'”. 
pv ail pi? =2 
2 2 
(p'”) = 12 (p*) =? 
pel pasa 
The solutions are 1 and 4. 


Sil 


x4+12x?-64=0 
(x?) +12(x?)-64 =0 
u? +12u -64=0 

(u +16)(u — 4) =0 


u+16=0 u-4=0 
u=-16 u=4 
Replace u by x’. 
x’ =-16 to=4 
Re eatG vx? = 244) 
x =+4i x= 


The solutions are 47, —4i, 2, 
and —2. 


Ow 4-13w2+4=0 

9(w 2) -13(w 2)+4=0 

Ou? -13u +4=0 

(9u -4)u -1) =0 

0 u-1=0 

Qu =4 2 
4 
pete 


Replace u by w’. 


wea 


9 
2 bl io 
Wn? = 2/4 vt ai 


yee Waste) 
3 


w=] 


The solutions are > -~,1, 


and —1. 
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Exercises 





268 
19, Jxt+l+x=5 21. x=Vx+6 23. 
Vx+1=5-x x-6=Vx ‘ 
2 
( x+1 =(5-x) (x-6)° =(Vx) 
x+1=25-10x+x? x? -12x+36=x 
0=24-11x+x? x? -13x+36=0 
0 =(3-x)(8-x) (x-4)(x-9) =0 
3-x=0 8-x=0 x-4=0 x-9=0 
3=x 8=x 53 tt! x=9 
3 checks as a solution. 8 does 9 checks as a solution. 4 does not 
not check as a solution. The solution check as a solution. The solution is 9. 
is 3. 
25. Jay +1-y =1 27. fl0x+5-2x=1 29. 
. jay +1 =y +1 Vl0x+5 =2x+1 : 
5 : (V10x+5) =(2x+1) 
(V4y +1) =( +1) Eke 
10x+5=4x* +4x+1 
4y +1=y?4+2y +1 0=4x’ -6x-4 
pete 0 =2(2x? -3x-2 
ie 0 =2(2x+1)(x-2) 
Os) Uae %il=0 F-2e0 
y =0 y-2=0 “ a 
=) 2x =-1 x=2 
ve 1 
0 and 2 check as solutions. os mr 
The solutions are 0 and 2. 1 
- a and 2 check as solutions. The 
solutions are -> and 2. 
31.0 Jy -1-Vx =-1 33. J2x-1 =1-Vx-1 35. 
3) 2 
qe ee (y2x-1) =(1-Vx=1 
2 2 2x-l=1-2Vx-1l+x-l 
(vx -1 = (vx -1) 2Jx-1=-x+1 
2 
x -l=x-2Vx +1 (2Vx-1) =(-x+1)' 
Ie eo 4(x-1)=x? -2x+1 
4x-4= x? -2x4+1 
vx =1 O=x? -6x+5 
(ve) =1? 0=(x-5)(x-1) 
Soha) se Sl 
opel 
1 checks as a solution. The solution is x=5 x=1 


hi 


1 checks as a solution. 5 does not 
check as a solution. The solution is 1. 





Chapter 10: Quadratic Equations 





Objective B Exercises 


J3w+3=w+l 
2 
(V3w+3) =(w+l) 
3wt+3=w? +2w4l 
O=w’? -w-2 
0=(w-2)(w+l) 
w-2=0 w+l1=0 
Wee 2 w=-l 
2 and —1 check as solutions. 
The solutions are 2 and -1. 


Vpt+ll=l-p 
2 
(/p+il) =(1-p) 
pt+ll=1-2p+p’ 
0=-10-3p+p’ 
0= p’-3p-10 
0= ic -5 ( pt 2) 
p-5=0 p+2=0 
p= p=-2 
—2 checks as a solution. 5 does not 
check as a solution. The solution is 
—2, 


f43=22,/083 
2 
(t+3)" =(-2Ve¢+3) 
?+6t+9=4(t+3) 
t?+6t+9=4t+12 
t?+2t-3=0 
(t+3)(t-1)=0 
t+3=0 ¢-1=0 
t=-3 fal 
—3 checks as a solution. 1 does not 
check as a solution. The solution is 
3. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Section 10.4 


10 
, a 
x—-9 


(x 9x =e - 9) 





37, 


x? -9x =10 
x?-9x -10=0 
(x -10)(x +1)=0 
so SS) Se SSN) 
oo SN) x =-1 
The solutions are 10 and -1. 





41. 





+2) 





y-l 
+(y +2)y =y +2 
20) (y +2)y =y 


y -l+y?42y =y +2 
y? +3y -l=y +2 
y?+2y -3=0 
(y +3) -1)=0 
y+3=0 y-1=0 
y =-3 yea 
The solutions are —3 and 1. 





45. 





2, 
2x +1 





yx +1) x (ie 4 To 3x (Ox 41) 
x 


2x +2x +1=6x? +3x 
Ax +1=6x?4+3x 
0=6x?-x-1 
0 =(x -1)3x +1) 
2x -1=0 3x+1=0 
Pe hl 3x =-1 
1 


The solutions are - and -=. 


39. 


43. 


47. 


269 


Shjective L — Exercises 





Aa. -b+VJb* —4ac 

_-14 2 -4(1)(2) 
- 2(1 
_-ltvi-8 _-1+V-7 


i. D 8) 
_ -1+iv7 
2 
Joh. lev Te 
2 


The solutions are -5+ ae and — 








(r +22 ae -2r)=¢ +2)1 
r+2 


€ +2)2¢ +2 
r+2 


3r +2-2r? —4r =r +2 


-2r?-r+2=r+2 





-(r +2)2r =r +2 


-2r? -2r =0 

—2r(r +1)=0 
-2r =0 r+1=0 
r=0 r=-l 


The solutions are 0 and —1. 


16 _16 me 








Bee fase 
c-2ye42)(2E IE) (cays 
16 he 1a ee 
(2-2)(2 +2) —S +(z 2)(2+2)—— =(2 4)6 
(z+2)16+(z-2)16 = 62" -24 
16z +32 +16z -32 = 62" - 24 











322 =62" -24 
0 =6z7 —32z-24 
0 = 2(3z* -16z -12 
0=2(3z +2)(z-6) 
3z +2=0 z-6=0 
3z =-2 z=6 
Dy 
eS 
3 


The solutions are -= and 6. 
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49. 


53. 


t Ze 
ey pay 
(-ayenn( Ea atta) 
(1-2) (t-1)% +(t-2)(t-1 > = (1? -3¢+2)4 


(t-1)t+(t—2)2 = 44 -12t+8 
t? -t+2t-—4 = 40? -12r+8 
t?+t-4=4f -12t+8 

0 =3¢? -13t+12 

0 =(3t-4)(t-3) 


3-4=0 4¢-3=0 
3 =4 =3 

4 

t=— 

3 


The solutions are : and 3. 


SPSOHSHSHOSHSSSSHHSSHSHSHSHSHSHSSSHHSHSHHSSHSHHSHHHHSHSSSSHSCHHHHSSES 


(vx +3) -4vx -17=0. 


Let u =vx +3. 
u’ —4(u-3)-17=0 
u? —4u+12-17=0 
u? —4u-5=0 
(u-5)(u+1)=0 
u-5=0 u+l=0 
a 
Replace u by vx +3. 
vx +3=5 ve +3=-1 
vx =2 vx =-4 
(Ve) =@? (ve) =(-4y 
x =4 38 es NG 
4 checks as a solution. 16 does not 
check as a solution. The solution is 4. 


u=-l 


Chapter 10: Quadratic Equations 


51. 











(p+1)5+(2p-1)4=4p’ +2p-2 
5p+5+8p-4=4p’> +2p-2 
13p+1=4p’+2p-2 
0=4p*-1lp-3 
0=(4p+1)(p-3) 


4p+1=0 p-3=0 

Saal p= 
es 
eee 


The solutions are s and 3. 





if | 
Applying the Concepts 
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i nnnmenmenee SeCtion 10.5 Oa a USS) ar cress uaa an Cea ar 


Strategy 


Solution 


Strategy 


Solution 


POHL 





OT eng: A Application Problems 


e This is a geometry problem. 3. Strategy e This is a geometry problem. 

e The height of the triangle: h e The width of the rectangle: x 
The base of the triangle: 5h —1 The length of the rectangle: x +111 

e The area of the triangle is 21 cm”. Use e The area of the rectangle is 104,000 mi’. 
the equation for the area of a triangle Use'the equation for the area of a 


[4 =n | rectangle (A =L -W ). 
2 


e i bh Solution A=L-.W 
: 104,000 = (x +111)x 
21=5(Sh—I)h 104,000 = x7 +111x 
42 =5h’ -h 0=x?4+111x -104,000 
0 =5h? ~h-42 a=1, b =111, ce =-104,000 


5h +14=0 h-3=0 


Pyne nye 
5 _ -111+ 111? - 40X-104,000) 


Since the height cannot be negative, — = 2(1) 


0=(5h+14)(h-3 
( M ) ite -b +vb* —4ac 
2a 


cannot be a solution. 5(3)-1=15-1=14. ee 
The height is 3 cm. The base is 14 cm. x =272, -383 


Since the width of Colorado cannot be 
negative, —383 cannot be a solution. 

x +111 =383. The width of Colorado is 272 
mi. The length of Colorado is 383 mi. 


To find the maximum safe speed if the car ae Strategy To find the time for a projectile to return to 


must stop within a given distance, Earth, substitute for height (s = 0) and initial 
substitute 60 ft for d and solve for v. velocity (v = 200 ft/s) and solve for ¢. 
d =0.04v? +0.5v Solution s =v -16t? 
60 = 0.04y * +.0.5v 0 = 200¢ -16r? 
0 = 0.04y ? +0.5v -60 0 = & (25-2r) 
0 =v? 412.5» - 1500 Hes Oet aoe ie 0 
C= lol 12 55er=— 1500 t= 0 fp Ses 
GRC anes. ion t =0 is not possible because the 
= med isis ae oe not oe, left Earth, The an 
2a takes 12.5 s to return to Earth. 
_ -12.5+02.5¥ - 471-1500) 
. 2(1) 
_ 712.5 +78.46 
ae 
x =33, -45 


Since the car cannot travel at a negative speed, 
—45 cannot be a solution. The maximum safe 
speed the car can travel is 33 mph. 
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9, Strategy 


11. Strategy 


Solution 


d=0.019v? +0.69v and solve for v. 


Chapter 10: Quadratic Equations 


To find the maximum speed a driver can be Solution d =0.019v? +0.69v 
going and still be able to stop within 150 m, 150 = 0.019v? +0.69v 
substitute 150 in for d in the equation 0 =0.019v? +0.69v —150 


a=0.019,b = 0.69,c = -150 


pale: b? -4ac 
2a 
_ -0.69 + (0.69) - 4(0.019)(-150) 


2(0.019 
_ ~0.69+V0.4761411.4 _ -0.69+ J00.8761 


0.038 0.038 
tx-108.8 or 72.5 
The speed cannot be a negative number. A 
driver can be going approximately 72.5 km/h 
and still be able to stop within 150 m. 


e This is a work problem. 
e Time for the smaller pipe to fill the tank: ¢ 


Time for the larger pipe to fill the tank: t -6 


Smaller pipe 


Larger pipe 





e The sum of the parts of the task completed must equal 1. 


Ay, eas 


| fet 

(0-9 }ast-0 
(t-6)4+4t=0° -6t 
4t-24+4t=1° -6t 


8t-24 =t? -6t 
O=f? -144+24 
0 =(t-12)(t-2) 
t -12=0 t-2=0 
t =12 t=2 


t-6=12-6=6 t-6=2-6=44 
The solution —4 is not possible, since time cannot be a negative number. It would take the larger pipe 6 min to fill 
the tank. It would take the smaller pipe 12 min to fill the tank. 
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Solution 

15. Strategy 
Solution 
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This is a distance-rate problem. 
e Rate of the wind: w 


Distance Rate Time 


With wind 


Against wind 





e The time with the wind is 0.5 h less than the time against the wind. 








4000 _ 4000 __ 
1320+w  1320—w 
4000 4000 





(1320+) (1320-w) P= ae ~05 (1320+ w)(1320—w) 


4000 (1320 — w) = 4000(1320 + w) - 0.5(1320 + w)(1320 - w) 
5,280,000 — 4000w = 5,280,000 + 4000w — 871,200 +0.5w? 
0=0.5w? +8000w —871,200 
0 = w? +16,000w -1,742,400 
a =1, b =16,000, c = 1,742,400 


7 -b+ Vb? -4ac 
2a 
_ =16,000 + ,|(16,000)’ - 4(1)(-1,742, 400) 
e 2(1 
eC -—16,000 +16, 216.3 


2 
x=108, -—16,108.15 
Since the wind cannot travel at a negative speed, -16,108 is not a solution. The wind is traveling at a rate of 108 
mph. 


e This is a uniform motion problem. 
e Rate of crew in calm water: x 


Distance Rate Time 


With current 


Against current 





e = The total trip took 3 h. 











2 + 2 = 
r+4 r- 
+9)p- acre far eayr-a 


5(r—4)+5(r-+4) =3(r? -16) 
5r—-—20+5r +20 =3r? - 48 
10r = 3r” — 48 
0 =3r? -10r -48 
0 =(3r+8)(r-6) 


3r+8=0 r-6=0 
8 
aed =F 
t/a 3 Yr 


The rate cannot be a negative number. The rowing rate of the guide is 6 mph. 
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©000000000000000000000000000000000000000000000000000008 EA eitaitg ane Concepts | 


17. Strategy To find the radius of the cone, substitute 
11.257 in for A and 6 in for s in the equation 





Azar’ +ars and solve for r.. 


Solution A=ar’ +ars 
11.25” = ar’ + 2r(6) 
O=ar’ +6ar-11.252 
a=z, b=6z, c=-11.257 


—b+ Jb? -—4ac 


_ 64 : (6z)’ - 4()(-11.257) 


- 2( 2 
62 +V360? +4527 | 62 +812 








295 2a 
a —6749% -6+9 
2x 2) 
t=1.5 or -7.5 


The radius cannot be a negative number. The 
radius of the cone is 1.5 in. 


smn Section 10.6 imeem 








Obdjective A Exercises 


SHHOSHOSSHSSSSHSHHSSHHSSHSSHHSHHHHSHSHHHSHHHHHSHSHSSHSHHHSSOHOOS 


3. (&-4)Xx4+2)>0 SF x? -3x +220 iP x?-x -12<0 
(x -1)(x -2)20 (x +3Xx -4)<0 
x-le 








—§ 4-32-10 12 3 4 5 oh SPN 
ie —-5-4-3-2-10123 4 5 —§ 4-3 -2 -1 0 19253 
{x|x $1 or x 22} {x|-3 <x <4} 
—5—4—3-2—1 0) 1 2) 3) 455 
—5 4-3-2-1 0 3 4°55 aetace 0 1 2538485 
9, (x -1)(x +2)(x -3) <0 11. (x +4Xx -2Xx -1)20 13. Late, 
x+2 
x-4_ 
toes 









—5-4-3-2-10 12 3 4 5 -5—4-3-2-10 123 4 5 


{x |x <-2 or 1<x <3} {x|-4 <x <lorx 22} fe ce 1 2e 3a 73 


ee 0 f 2 } aes tah 32-19 { } 34 5 eee 
2§ 4232-1 0 1 eee 


15. x*-3 17. (« -)@ +2) 25 19, x2 -16>0 
x +1 x -3 (x -4X(x +4)>0 








54-32-1012 3 45 
{x}-1<x% $3} 


-§ 4-3 -—2=]) 0 1 2 4 5 San N eR ES BSE a POP 
| Pe ere 2 { 5 
| ; AB ahi Break odi72 oSindind } Oo ee 


-5-4-3-2-1012345 =5 =4-3 2-1 0 100 0ee 
{x|x <-2 or 1<x<3} {x|x >4 or x <4} 
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21. 


27. 


33. 


x? ~9x <36 
x? -9x -36<0 


(x +3Xx -12)<0 


=15 .-9 


{x|-3 <x <12} 


x—-2 


——————— <0 
(x +)(x -1) 





SUES 





-5-4-3-2-10123 4 5 
{x|x <—1 or 1 <x <2} 


-5-4-3-2-10 1 





34 





(x-5)\(x+1) 


3x+3 


See 
(x—5)(x+i) 


2x+8 





5 


-54-3-2-10 123 45 


{x|\x >Sor -4<x< 


-5-4-3-2-10 12 3 4 f 


1} 


23. 


29. 


4x*-8x +3<0 
(2x -1\2x ~3)<0 





= Si 41-3) 21-1 0) 1 2) 3) 54) 5 


fhe 


-54-3-2-10 12345 


x 
2x -1 
x 
-120 
2x -1 
x _ 2x -] 
2x -1 2x-1 
x —(2x “) 9 
2x -1 
—-x +1 
2x -1 


=H ea ge ee 


IE | 


eal 








20 








20 





432 0) 1 23) 45 


— <x <1| 


{ 1 
x 
2 





—5 4-3 -2-1 0 Phy Sh Gh) 








x-l 
- -2<0 
x- 
3 2x -2 





<0 





x-1 
—2x a i 
x-l 


x-] 


Pa) eon ee RS ral ie 
m 


=o. 4-3 2-10) 1.2) 3 64,5 


=} 
e<avOn te 
2 


{x 





epee —-}fajemenict> 


+ 


ae 


—5-4-3-2-10 123 4 5 


x 
2-x 


+3<0 


s-3 





x 





—x 
ze _32-*) 29 
2-x 2-x 
a5 +3(2-x) 9 
2-x 
x +6-3x 





-5-4-3-2-10123 4 5 


{x|2 <x <3} 


+ + 
+ + 


—5-4-3-2-10 1 2 


+] —- 


4 


5 


+ 
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x73 — x/(2x +1) >0 


(x +4)(x +2) 


PTTTTTTTTIT Tr 


35, (x —1fr +3Xe-2Ke-4)20 3. (x2 42x —3)(x? 3x 42/20 39. 


(x +3Xx -—1( +2) +) 20 





Sy ai) il (A, PAS Lhe 
{x|x $-3 or 1 Sx $2 or x 24} 


evr eT 0 } 3 { 5 





Ajab @ W 7 BS 4 os 
{x <-3 or -2<xs-lorx2]} 


peat, 0 Bey ah Ss 





a5 =4) =3\ 2) = 0) 1 ee 
{xl-4cx<-2 or -7 sx <3| 
+e Ht 


2§ =4) =3'-2 =) 0) £2 3 ee 














1. 2x>-3x =0 2. 6x? +9ex = 6c? x? =48 
2x (2x -3)=0 6x? +9ex -6c7 =0 ax? =J48 
EN 3(2x? +3cx - 2c”) =0 als 
2x -3=0 
: . (Qx -le)(x +2c)=0 ns 
ary 2x -le =0 
Dip ite 
c 
x=— 
2 
x +2¢c =0 
2) ere 
2 
4. [x +3) +4=0 5. x? +4x +3=0 7x? -14x +3=0 
YY x? 44x +4=4-3 7x? -14x =-3 
(x +5) =-4 (x +2)? =1 x? -2n =-2 
( LY en Ve +2)? =v1 : 3 
x >| = Oe x°-2x ate rh 
1 x+2=-1 x+2=1 P 
x +o aid ees el (x -1) =— 
1 1 
—=-/-4 —=-4 | 
2 V-4 ae V4 (x -1) = = 
Pe em x+—=2i 2 
Z 1 a) 1 ape We 
x =-—-2i x =-—+2i 2 ’ a 
2 2 x -l= x-l= 
V7 v7 
eee x <n 
V7 v7 
et 7 ee 
V7 V7 
adv tT Rees ls 
V7 V7 
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7.‘ ¥2e2225% 412 =0 8. 
6 =-25, a =12, c =12 


a2 -b tvVb? —4ac 
2a 
25 + y(-25y —4(12(12) 


2(12) 
_25+V49 


13. 3x(x-3)=2x-4 14, 


3x? -9x=2x-4 
3x" -11x+4=0 
a=3,b=-11,¢=4 


-b+ Vb? -4ac 





11. 


x?-x +8=0 O). 
Mei Mss @ ae 


ig -b + Vb? -—4ac 
2a 
: 1+y(-1)? -40y8) _ 144-31 


2(1) te 
1+431 


a 


V31 
— x 
2 








1 1 
x=—+ =— 
2 2 


x7 -2x +8=0 12. 


x — orl = 81 
(@ -1) =-7 


V(x -19 =v-7 
x—-l=4V7 
x 21=887 6 6 t= -7 
oe a) x-1=~iv7 
x=14+iv7 x=1-iv7 


3x?-5x +1=0 15, 


a=3,b=-5,c =1 


Vb? —4ac = y(-5? —4(3X1) 
v13 >0 


Two real number solutions. 


277 
(x ~n)(x - 7) =0 
(x — O)(% ~(-3)) =0 
x(x +3)=0 


x7 +3x =0 


(x —2)(x +3)=x -10 
x? +x -6=x-10 
x? =-4 
Vx? = V4 
x =tiv4 


(x +3\2x -5) <0 
Bel ST, cecil |e ae enn ce + + 
2x —-§5 - -}J- - - - - + + + 
5-4-3-2-10123 45 


x >-30rx aye 
2) 


{x 





1 
—3<x <2— 
A ;| 
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16. (x -—2)(x +4)2x +3)S0 17. 


x= 2 | Se ees <9) ee 
x 4 -]+ + + + +74 
x+3-]- - + + +/+ 
Ss =42 3-21 0p ies A 
5 

ae a ee 


{x 


ix <—4 or ~ sx <2} 





19. 54— 


pass x =-l 
Both 3 and —1 check as solutions. 


22. (2x -1Xx +3) 29 





= 4e 3 — 2 Olan 


xs <4 or x <-3 


me —}— +4 + far —f B 


ay hao) i) al Posh 2) 
{x}: <-3 or rsx <a} 





20. 


23. 


x23 4x3 -12=0. Letu =x". 18. 


u*+u —12=0 
(u +4)u -3)=0 
u+4=0 u-3=0 
u=-4 nas 
xP =-4 x =3 
(x ia)? =(4)? (x tly =(3)° 
x =-64 xp SS T/ 
Both -64 and 27 check as solutions. 


————+ x =3 21. 


x +2 
3x +7 =(—x +3)(x +2) 


3x +7 =-x?> +x +6 


x? 42x +1=0 


(x +1Y =0 
x =-] 
x =vx +2 24. 
x —vx -2=0 
Let u =x . 
u?-u -2=0 
(u -2)u +1) =0 
ew u=-l 
ve=2 9 vx =-1 
(Je) =2? (vey = 
x =4 oe 


4 checks as a solution. 1 does 
not check as a solution. 


Chapter 10: Quadratic Equations 


2(x -1)+3Vx -1-2=0. Let 
u=vx—-1. 


S 
| 
= 
ff 


ad 
if 


ae 
x 
| 
= 
nr 
if 
pBlOap Gan TtS) 
JuaLHG ONI- 
SS 
n 
— 
i] 
— 
ll 
ae 
i) 
=< 


- checks as a solution. 5 does not 


check as a solution. 





—-5-4-3-2-10 1 2 3 4 5 


{le <> or x 22| 
2 
—-5 -4-3-2-10 I } Su4 a5 


Ix =V5x+24 43 
Ix -3 =V5x+24 


(2x- 3) = (J5x+24), 


4x* -12x+9 =5x+24 


4x? -17x-15=0 
(4x+3)(x-5)= 
4x +3=0 x -5=0 
x=-— eS) 
4 


= does not check as a solution. 5 


checks as a solution. 
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25. 








2x+3 x 








x(2x+3)|(2- =|-()- 2x(2x +3) 


x? — 


NSS), Ie 


2x -—2x? +8x-3x+12 = 4x? +6x 
5x? +3x-12=0 
=3, c=-12 


— 4ac ees =12) 
ea 


27. Strategy 


Solution 


29. Strategy 


Solution 


10 


e The width: x 
The length: 2x +2 


The area is 60 cm? 
A=LW 
60 = (2x +2)(x) 
60 =2x? +2x 
2x? +2x -60=0 
(2x +12)(x -5)=0 
2x +12=0 x —-5=0 
x=-— cos 
The distance can not be a negative number. 


2x +2=12. The length is 12 cm and the 
width of the rectangle is 5 cm. 


e Time of the new computer: f 


Rate 


New computer 


Old computer 


The sum of the parts equals 1. 


8(t+12)+8t=1? +12t 
8¢+96+8t=27 +12t 


-4t-96 =0 

(t-12)(t+8) =0 
t-12=0 1#+8=0 
t=12 t=-8 


26. 


28. 








co eS 
25 mrs : 
(x+2)(2-x) Ieee =(x+2)(2-x)-—= 
(x+2)(2-x)-(x+2)(x+4) =(2- x)(x~3) 


2x—-x? +4—2x—(x? +6x+8)=2x-6-x7? +3x 
2x-x? +4-2x-x? —6x-8 =x? +5x-6 
2x? -6x-4=-x? +5x-6 
x? +11x-2=0 
a=1,b=11,c=-2 


-b + Vb? —4ac 7 ~11+y(11)? - 4-2) 


2a ‘ 2(1) 
Pe 1 VEN129 
2 
Strategy e First Integer: x 


e Second Integer: x +2 
e Third Integer: x +4 


Solution The sum of three consecutive even integers 
equals 56. 
x? +(x+2) +(x+4)’ = 56 


x7 4+x7 4+4x444+x7 +8x4+16 = 56 
3x7 +12x +20 = 56 
3x? +12x -36 =0 


3(x7 +4x-12)=0 
eee 
39 SS) 
x =-6 x =2 
x+2=-4 x+2=4 
x+4=-2 x+4=6 


x +6=0 





279 


The three integers are 2, 4, and 6 or -6, -4, and 


—2. 





The time cannot be a negative number. The new computer takes 12 min to print the payroll. 
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30. Strategy e Time for the first car: t 
e Time for the second car: t —1 


Distance Time Rate 





First Car 


Second Car 


Solution The rate of the second car is 10 mph faster than the first. 
200 _ 200 1g 


t— t 
(e-9( 22 aee-0 (2210 
200t = 200t — 200 +10? —10¢ 
102? —10t — 200 =0 
t? -t-20=0 
(t-5)(t+4) =0 


t-5=0 t+4=0 


ia 
Pe the time cannot be negative. 
UO 


t-1 
The first car traveled at 40 mph and the second car traveled at 50 mph. 


eoccsccccccccccscveccsecoescoocccccscooveosonsecoollllll: Cramer Tex, 





1, 3x24+10x =8 2: 6x? —5x -6=0 3. (x-n)-m)=0 
3x? +10x -8=0 (2x -3)3x +2)=0 (x — 3) —(-3))=0 
(3x —2)(x +4)=0 2x -3=0 3x+2=0 (x -—3\Xx +3)=0 
3x -2=0 x+4=0 aaa aaa, x? -9=0 

3x =2 x4 er. Dinine 
Dom : 3 2 
3 The solutions are i and ax 
The solutions are : and -4. 
4, (x —7)(x -1)=0 5, 3(x -2)° -24 =0 6 x?-6x-2=0 
(x5) -Cay=0 3(r -2)? = 24 x?—6x =2 
2 : Complete the square. 
1 (x -2)' =8 2 
(x -> ie +4)=0 ; x*-6x +9=2+9 
5 V(x -2) = +v8 (x -3)? =11 
ti 
x?+—x -2=0 x -2=12V2 ; 
V(x -3)? =4V11 
& Ro2eIV2 “x —2=-2V2 cat 
x? +x -2}=2-0 x=2+2V2 9 x =2-2V2 oes 
2 Se eins x-3=V11 x-3=—v1f 
2x? +7x -4=0 ee OS faa au x=34vil x =3-Vil 


The solutions are 3+V11 and 
t2N11, 
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7, 3x?-6x =2 8. 


ry 


1 
3 3e? ~ 6x) ==() 


x?-2y = a 
3 
Complete the square. 


x? —2x +1=541 


e -1F=5 








34V15 


The solutions are ——— and 


3-415 
ae 


10. 3x2 -4x =1 11. 


4x? -4x -1=0 
a=3,b =+4,c =-1 
b? ~4ac =(-4)’ -4(3X-1) =16 +12 
=28 
28>0 
Since the discriminant is 
greater than zero, the equation has two 
real number solutions. 


2x? -2x =1 


2x*-2x -1=0 
a=2,b=-2,c =-1 


a -b t vb? -4ac 
2a 
_ 2) V2? -4QED 








2(2) 
_24V44+8 2412 
4am, 4 
_2+2V3 1443 
4 2 
The solutions are ake and 
123 
ma 
x*-6x =-15 
x? -6x +15=0 


a=), b=-6,c=15 
b? —4ae =(-6) - 4(1)(15) 
36-60 = -24 
—24 <0 
Since the discriminant is less than 
zero, the equation has 
two complex number solutions. 


12. 


281 


x?+4x +12=0 
a=1,b=4,c =12 


taal —b tvb* —4ac 
2a 
_ 444) - 4002) 


2(1) 
_ 4416-48 4+ V-32 
’ 2 
_444iv2 


; =2+2i1V2 


The solutions are -2 +2: /2 and 
Lye Pye pa 


2x +7x?~4=0 
2(x 47)’ +7x 2-4 =0 
2u*+7u -4=0 
(2u -1)u +4) =0 
2u -1=0 u+4=0 
u=—-4 


16 does not check as a solution. . 


does check as a solution. The solution 
is os 
4 
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13. x4-4x?4+3=0 14.0 /2x4+14+5=2x 15. Vx-2=Jx-2 
Ties 2 2 
Capa en NaH Dies (vx=2) =(vx-2 
: (2x+1) =(2x-5) Peed Wea 
~ 4y +3 =0 ‘ 
é eaten 2x +1=4x? —20x+ 25 6 =-4AVx 
WO a) 0 =4x? -22x+24 Linetes 1 
i= SU eeerk lesG 0 =2(2x? -11x +12) “4! 6)=(4vs) i) 
ees ” =i 0 =2(2x-3)(x—-4) Se Fi 
Replace u by x°. oe 320 gd 0 Mi , 
x? =3 u—-1=0 Oe) =) x =4 (3) = (vz) 
inn Newey ; 
x= —=x 
x =tv3 53 Sell 5 2 4 
a you are V3 : -V3 silts > does not check as a - does not check as a sola gaaenie 
solution. 4 does check as a solution. Gar tuti 
Thagotution is 2. equation has no solution. 
2x 5 - 
16. | 17. (x -2)(x +4) -4)<0 
of os 
(x—3)(x—1)| = + |=(e-3)(2-1)1 
2x(x-1)+5(x-3) =(x-3)(x-1) -§-4-3-2-10 12 3 4 5 
2x? -2x+5x-15=x? —4x+3 {x|x <-4 or 2<x <4} 
2x? +3x-15 =x? —4x43 ets} tt 
x? +7x-18=0 =§24 9-9 3) OR 2 3iaes 
(x+9)(x-2)=0 
x +9=0 x —-2=0 
x= —o ce 2 
The solutions are —9 and 2. 
2x -3 ae 
18. ae <0 19. Strategy e This is a geometry problem. 
aes e The height of the triangle: x 
de | ee Re | ee The base of the triangle: 3x +3 
Nee Esob 10 128s 4s © The area of the triangle is 30 ft”. 
3 Use the formula for the area of the triangle 
{x/4<x <3} 1 
2; (4 = 5h) 
fps jf pe 2 
Sj Sis (he Bh a) 
Solution ae - bh 
i 
30 == (3x+3)x 
60 = 3x? + 3x 
0 =3x? +3x-60 
0=3(x? +x-20) 
0 =3(x+5)(x-4) 
x+5=0 x -4=0 
x= eh 


The solution —5 is not possible, since height 
cannot be a negative number. 

x =4, 3x +3=34)+3=15 

The height of the triangle is 4 ft. The base of 
the triangle is 15 ft. 
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20. Strategy e This is a distance-rate problem. 
e The rate of the canoe in calm water: x 


Distance Rate Time 


With current 


Against current 





e The total traveling time is 4 h. 




















6 6 
Soluti + =4 
olution eae 
6 6 
(x +2)(x -2/ + |= (4)(x +2)(x —2) 
x+2 4x-2 
6(x —2)+6(x +2) =4(x? -4) 
6x -12+6x +12=4x*-16 
12x =4x?-16 
0=4x?-12x -16 
0 =4(x?-3x —4) 
0=4(% -—4)(x +1) 
x -4=0 x +1=0 
x =4 x =-1 
The solution —1 is not possible, since rate cannot be a negative number. The rate of the canoe in calm water is 4 
mph. 
COTOHHSOHSSHSHHDOSSSSHHSHSSHSHHSSHSSHOSHHSSHHHHHSSEHSODOS Comuhiire Review 
Lo 2a? —b? +c? =23) =(4) +(-2) 2 [Bx -2|<8 3.0 V =ar*h =2(3)'6) =2(9)(6) 
=2(9)-16+4 -8 <3x -2<8 = 547 
=18-16+4 -84+2<3x -24+2<8+2 The volume is 547 m?. 
=18-4=14 -6 < 3x <10 
Cee Ory 0 
3 3 3 
—2<x aul! 
3 
xh <0 <7} 
3 
2x -3 
a 5, PG, -4), P,(-1, 2) 6. 6x —Sy =15 
Vos 22-4) a24 6x —5(0)=15 
a2) -3 = 4 = 
ee Fn X.—-X, -1-3 -4 Gxr— 
7 = coe Pee 
p= — =e 6152 
The x-intercept is (=. 0}. 
6(0)-—S5y =15 
—5y =15 
vess 


The y-intercept is (0, — 3). 
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Te ay = 
—y =-x +1 
yal 


m=1 (x,,¥,)=(, 2) 














8. x+y +2z=2 
-x +2y -3z =-9 

x -2y -2z =-1 

ee | 





Chapter 10: Quadratic Equations 























9 =3) .-i.-3) Ai 
y -y, =m(x - x) D=+1 2 -l1[) 7; it) 7 
y -2=1( -1) Ly? 
ee : 2 -3) |9 -3| [9 2 
yox+l De a\o a2 3a 0 2 eee le =-15 
: Ls 4 5 | \-1 a 
Ses. 
lJ at 
Doe toe ee MMPS 
— TS PY =2 ys | 
Bile = 
eae 
1 See eye if) 7.2 [een 
a 12 -1 ik 1 2 
13-1 
2Dpa sh: 1 
Dy 15 
Dens 
See | 
Lie ee S15 
TDE oe 
De 15 
The solution is (1, —1, 2). 
F : ?_3, -4 
: . BC height of triangle ABC “2 
9. Solve each inequality. 10. = 11. -4)3 3_13x7+0+10 
x+y $3 see ~y <4 EF height of triangle DEF ex - 3% +‘ 
2 
yes oee aye 4 ON a Bx 4n4 
-9x* +0 
y >44+2x 12h = 24(8) zs 
12h = 192 so eee 
pe -12x +10 
The height of triangle DEF is 16 cm. -12x +16 
=6 
(3x? -13x? +10) + (3x -4) 
=x?-3x-4- 
3x -4 
12. -3x3y +6x2y? -9xy? =-3xy(x? -2xy +3y’) 13. 6x?-7x -20=(2x —5)(3x +4) 
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14 Hetle tl] 40°—4x?  (¢ +1Kx +1) 4x°@ -1) 15 xe Ax oe 
8x2748x x?-1 8x(x +1) (x +1Xx -1) i x+2 x+ z 
titra tx (x+2)(x+3)| > -—S |=(x+2)(x+3)1 
8xe+ie+e—ty 2 x(x+3)—4x(x+2) =(x+2)(x+3) 
x? +3x-4x? -8x =7x7 +5x4+6 
—3x? —5x =x? +5x+6 
0 =4x* +10x+6 
0 =2(2x? +5x+3 
0 =2(2x+3)(x+1) 
2x +3=0 x+1=0 
2x =-3 x =-] 
3 
x=-— 
2 
The solutions are -> and -1. 
n 
16. S araG +b) 17. a '?(a¥? -a*?)=a°-a' =1-a 18. -23(7- 41) =-14; +81? =-147 -8 
2S =n(a+b) =-8-14i 
2S =an +bn 
2S —an =bn 
2S —an _ bn 
n n 
2S —an Lf 
n 
ih fee ee 20. x‘ -—6x? +8=0 
2 
V3x +1=x +l (x?) — 6x? +8=0 
2 ; u? —6u+8=0 
(v3x +1) =(« +1) (u-4)(u-2)=0 
3x +1=x74+2x 41 u—-4=0 u-2=0 
O=x7?-x 4 i SW 
(=x —1) Replace u by x’. 
x =0 x-1=0 x? = x? 
2 Sil vx? =+V4 vx? =+v2 
0 and 1 both check as solutions. The solutions x= x =tv2 
are 0 and 1. The solutions are 2, —2, wD and —V2. 


Let p represent the length of the 
piston rod, 7 the tolerance, and m 
the given length. 

Solve the absolute value inequality 
lm —p|<T form. 


21. Strategy 





Solution |m —p\<T 
yh. ll 
SG lees 
In 8] 64 
LAL eo" et 
64 8} 64 
1 3 1 3 


The lower limit is 9 in. The upper limit is 


92> in 
64 
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22. Po ee Ce aye™ ~4) =) (ax? +12x -32) 23) ee ee _ 0- 250,000 _ -250,000 _ _ 25,000 
2 ?) 2 x 4) —-X 1 30 it 0 30 3 
= (x 2 +6x - 16) The slope represents the amount in dollars that 
The area ia (x Bie 8 16) ft?. the ae depreciates each year 
(- —* $8333) 

24. Strategy To find the distance, use the Pythagorean Solution a2 +b? =c? 

Theorem. The hypotenuse is the length of the 82 4b? =17? 

ladder. One leg is the distance from the bottom g 

of the ladder to the base of the building. The 64+b? =289 

distance along the building from the ground to 42055 

the top of the ladder is the unknown leg. 

vb? = 40255 
b =+15 


The solution b =-15 is not possible, since the 
distance cannot be a negative number. The 
distance is 15 ft. 


25. 2x7 4+4x+3=0 
a=2,b=4,c=3 


b* —4ac = 4? - 4(2)(3) 
16-24=-8 


-8 <0 
Since the discriminant is less than zero, the equation has two complex number solutions. 
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Basic Algebra II 





Worksheets 





Northern Essex Community College 











Table of Con 


tents 





1. Multiply Monomials 
2. Power Rule 
3. Combo Rules 






























6. Practice with Negative Exponents 


8. Zero Exponents 

9. Add/Subt Polynomials 
10. Multiply Polynomials 
11. Multiply Polynomials 
12. Multiply Polynomials 
13. Multiply Polynomials 
14. Applications with Polynomials 
15. Divide a Polynomial by a Monomial 
16. Long Division 
17. Common Factors 
18. Grouping 
19. More Grouping 
20. Table of Factors 
21. Factoring Trinomials (x°+bx+c) 
21 A Factor Trinomials (ax’+bx+c) 
22. Factor Completely 
23. Factor Completely 
24. Difference of Squares 
25. Sum/Diff of Cubes 
26. Factor Completely 
27. Solving Quadratic Equations by Factoring 





4. Division of Monomials with Positive Exponents 
5. Simplify Monomials with Negative Exponents 


7. Mult/Div Monomials with Negative Exponents 





- Applications of Quadratic Equations 
. Simplify Rational Expressions 

. Multiply Rational Expressions 

. Divide Rational Expressions 

» Add/Subt with like Denominators 

. Add/Subt with unlike Denominators 
- Complex Fractions 

. Fractional Equations 

. Proportions 

. Applications 

. Literal Equations 

- Work Problems 

» Motion Problems 

. Variation 

» Simplify Radicals 

. Simplify Radicals with Variables 

. Operations on Radicals (Add/Subt) 
- Multiply Radicals 

: Divide Radicals 

. Imaginary Numbers 

. Equations with Radicals 

. Applications with Radicals 

- Solve Quadratics by Factoring 

. Solve Quadratics by Taking Square Roots 
« Completing the Square 

» Quadratic Formula 














Multiplication of Polynomials 


Multiplication of Monomials by Monomials - Three steps: a) multiply the signs, b) multiply the numerical 
coefficients, and c) add the exponents of the same bases. 


Examples: =a) (2x”)(+4x’y*) = +8x°y*_ sb. (-2a°b*)(-10a?b*)(3b?) = -60a7b® 


Multiply: 


1x ex? 2) b’ +b 3) yey’ 
4) 4x"(10x’) 5) (5y*)(5y’) 6) (-2a°)(7a") 
7) (7y*)(-5y’) 8) -8x°(3x’) 9) (3b*c")(-2b’c*) 
10) (-9m)(+2m) 11) (+8x°)(4x°) 12) (2x’y°)(-14xy) 


13) (-8x°)(-6x’) ye 15) (-2°2*\(-7y'2") 
4 


16) (-5x’y)(3xy’) 17) (-4x°)(4x°)(4x°) 18) (2x°)(-2x°)(-11x°) 


19) (-10c)(3c*)(-2c*) 20) (-10b4)(2b)(- : b) 21)ab «ab: 


feo ICKY) 23) (3a)(-7a°)( 45 24) (-10%)(-7H8)( 26) 
(25) YaPo?\-260)-208% 26) (14mn)(2mn)(2mn) 27) (-2a°b)(6b2)(5a2) 

28) (6x°)(-8xy’) 29) (-3x°y)(-2x'y4) 30) (-9)(+3y) 

31) (3x7)(-6x°y2)(-52" 32) (227)(1024)(52) 33) (%°)(3x'yz')(-2%°2) 


Worksheet 1 





ai) 


vm! 











Multiplication of Monomials (Exponents outside Parentheses) 


Multiplication of Monomials with Exponents outside of Parentheses - The exponent outside a 
parentheses indicates the power to which the parentheses must be raised. 


Examples a. (2a’)’ b. If there is no numerical coefficient, multiply the 
ei(2a-) (2a-) (2a7) (2a7) exponents inside the parentheses by the exponent that is 
16a° outside the parentheses. (a°b°)® = a1%y° 





re 


Multiply: 


1) (3r’s)* 


5) (6a°b5)? 


9) (2y°z)° 


13) (x°y*)* 


17) (z’)° 


21) (-p’q’)’ 


25) (abc?)° 


29) (x*y°2")* 


33) (7x’y’)° 


2) (5x°y’)? 


6) (-2x"y*)’ 


10) (-4ab’)° 


14) (-2ab°)’ 


18) (a°)" 


22) (-a°b°)° 


26) (x*y’)? 


30) (ce 


34) (x‘y*)° 


3) (-4x*y’)° 


7) (10x)? 


11) (ab?) 


15) (3a°)’ 


19) (m?n*)° 


23) (-v°)” 


27) (-a‘b*)° 


31) (4x?) 


35) (-5a°b*)? 


4) (8x°y')’ 


8) (3a°)" 


12) (-5xy*)’ 


16) (x°)° 


20) (xy*)’ 


24) (b°c?)? 


28) (-a*c*)’ 


32) (f’)° 


36. (-m°n’)’ 


Worksheet 2 





dine oD moog! ' moh To notia lati 


oui? 4’ o enir* meoeee? nitw dniniemoM to 


} forive Od “agit Oo eon" 





























Multiplication of Monomials and Monomials (Exponents outside the Parentheses) 


Examples =a. (3x’y”)*(2xy)? n2a a a*b’)" 
20 


= = (3x'y’) (3x’y*) (2xy) (2xy) (2xy) = = t -2a”) (-2a°) (a°b®) (a’b*) (a?b*) (a’b*) 
= = 72x y = 


eee 
Multiply: 


1) (4xy)"(x°)?’ 2) (6x*y*)"(x"*)? 3) (-2a°)*(a)” 

4) (-3x’y) (xy*)’ 5) (12x*)*(-2x)? 6) (2x)*(-2x) 

7) (4b*)*(2a’b*)’ 8) (2x*)°(2x°y’) 9) (-8x)*(x"y’) ’ 
10) (mn*)*(-2)? 11) (b7)°(-5b*)" 12) (x‘y)*(xy")" 
13) (x*y)'(-xy’)" 14) (xy*)(-3x’y’) 15) (4b*)*(-a°b’) 
16) (2x°y’)(5xy*)’ 17) (4x’y)"(xy’) 18) (2a°b*)*(8ab)’ 
19) (-3xy)°*(xy’)" 20) (-4x*)*(x’)? 21) (-2mn)(-m*)’ 
22) (2pq)°(-4p’q°)” , 23) Cay) Ky) 24) (50) (tes. 


Worksheet 3 





More Division of Monomials 


Division of Monomials - If the largest exponent is in the numerator, the variable remains in the numerator, 
but if the largest exponent is in the denominator, then the variable stays in the denominator. 




















Examples 
1 all eg Peo ae Ne 8a°b* _ 4a‘ 
: x3 i : x2y? ye ; 10 9) A 6a7b4 3b2 
Simplify: 
5 8 7 
X a fe 
1) = 7 saa C) poe 
a al eos 
=f 74 = 3b2 
4) — 5 yeas 
FX Zz = Ble 
7) eidne a res ) abe 
a*b° oe Byte 
a3 3 7. 
x"y 3b 12) == 
10) 11) Ss 3 
x29 15 21y 
y) 4 shale 
13) _ 14) ai 15) = 
16y 14c 9x 
ae) -3a®b? EAaaze 18) Ba De 
15a°b* (Jaize 6a’b® 
3 7b3 Vixt 
‘f}) oa 21) 
= vel 25a be 33 
15 
22 23) 24) —; 
8yz° a’*b? ae 


Worksheet 4 





oneM So rolieivig esve™ 


p Ot fy 2) PSO ris Wy 1) = Bie iricpenoet 
' morlad Of) Ai & nS WS RSet Ss} 





Negative Exponents 
Negative Exponents - To change a negative exponent to a positive exponent, move the exponent and its 
base from the numerator to the denominator. If the exponent is in the denominator, move it to the 
numerator. 


Examples 





aa? oa ot Sanlu Eve meen LE ee 
16 cde ake ee “H 
xX 1 y 1 





Change all negative exponents to positive exponents and simplify. 











1) 2. 94) We 3) 5° 4)a> 
5 8 4 
5) —— 6)'}— 7) 8 
) = ) = ee jh 
3 2 3,3 
4x ed a~b 
pa) rey 10) —~ 11) —; 12) a4b-4 
545 i, 6.2 7 
a>b aay, res a 
13 14 15) 16) — 
) 3-3 ) xty-3 36-1 22 
=). ,-4 6 9 20) p27 
aay, m X p “q 
17) ay 18) as 19) —— 
A 13a? 23) mn 24) eur 
21) 7,2 22) fol m=tn-! 
5b° 26) y °z~? SNe 8a 
25) a ee 1B 28) 


Worksheet 5 





TOTO Srnr 


riveree 


af 










Negative Exponents (Cont.) 


Write with a positive exponent. Then evaluate. 





1) 3° 252 3) 47 4) 107! 
5) 6-2 2-2 4-2 ae 
acres 7) — 8\o 
6) 5 ) 7 ) 3 
aot 373 2-2 52 
>? oad = 12) 
= ee oe bes 
Simplify. 
13) x7} 14) x? 15) a> 16) b° 
17) aaeb 18) xy? 19) xx 2 20) ame De 
—2 —] =i =) are 
iL axe -Y 22) Ler 23) <e 24) is 
x? x : 
=L. -1 Sa 28 x2 4 
25) <— 26) 27) XY" eS 
a’ xy 
29) (y*) > 30) (a*)* 31) (a3) 32) (a-tb2)° 


Worksheet 6 






+); eJoremogadd owtiasett 
2 “ ve oil nenocas svilinog 6 


- i] 


Negative Exponents Outside Parentheses 


Negative Exponent, with Exponents Outside Parentheses - 1) Multiply each exponent inside the 
parentheses by the exponent outside the parentheses, 2) To change a negative exponent to a positive 
exponent, move the exponent and its base from the numerator to the denominator. If the negative exponent 
is in the denominator, move it to the numerator. 3) Divide and/or multiply the like variables. 


q_i0 - 22 2 4 








E I 2 -2 J 
uv 








Remove the parentheses and simplify. 


3 2 
1). 4] 
e 





Worksheet 7 







qa arirrr of ptyietie> etmerciex? eviluger 


Yo avin? chietg® eine dshw Inia 
fe stiroieS at Se el hoe ee 

el 24) Ge oy wre 
i a i IVa 


Zero Exponents 


Zero exponents - any number, variable, or entire term raised to the zero power is equal to "1". The only 
exception to this rule is "0" to the "0" power. 





Examples: 

aoe 1 b. x°y = ly =y Cc a d. ab°c = arc 
Simplify: 

1)a° = 2) y° = 
3) 1° = 4) (xz)° = 
5) (ax)° = 6) (xyz)° = 
7) x°b = 8) (°c = 
9) xc? = 10) a°b° = 
11) — = 12) a 
13) boo 14) 3xy° = 
15) -xy” = 16) (3a’) ° = 
17) 3(ab)° = 18) -3(c’d)° = 


Worksheet 8 


an 


nO 


ea ae A 


in) eee 


if” wth aa 


i i 





Sow Vig = eat 
=) Shent aut 


a 


Addition and Subtraction of Polynomials 


Combining Polynomials - To add or subtract polynomials, combine the numerical coefficients of the like terms. 
(Like terms are terms that have the same variables with the same exponents.) 





Examples: a, (4x* + 3x -2) + (2x" — 5x -6) b: (Ga -5a + 2) - (4a°+ a + 2) 
(4x0 4x) (3x - 5x) + (2-6) Bapebaer2 4a =a 2 
6x" - 2x-8 (eaec4age(sa- a) 2 (2 22) 
oy - 6a 
Simplify. 
Wie 5x) + (2 - 3x) 2) (y* + 3y) + (-2y-5) 
2 2 3 Z 
3) (x + 4x + 9) + (x -x -6) 4) (x -5x + 6) + (3x" -x -6) 
eyed) 2) + (-3y° -2y" -1) 6) (x? -3x) - (x - 7x) 
7) (x? -3x + 2) - (x? + 6x + 7) 8) (3x? + 6x + 3) - (-2x° + 3x + 2) 
| 3 
Oyeiay 4 4y-1)-(y> +" + 6) 10) (2x 56) 0 =x 4-7) 
2 
11) (y> -6xy + 2) + (y> -6xy -7) 12) (x? - 2xy) - (-2x* + 3xy) 
2 
13) (2x7 + x -1) - (x? + 6X -3) 14) (3x° + 2x -2) + (X° + 5x -6) 


15) (3x? -2x -6) - (2x +6x -1) 
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Simplify. 
1) x(x + 1) 


4) -y(8 - y) 

7) -2x7(x - 1) 

10) -x?(2x? - 3) 
13) (2x - 3)4x 

16) (2x — 1)3x 

19) x(x’ - 2x + 1) 
21) y(-y* + 4y - 3) 
23) -a(a* - 6a - 1) 
25) x (2x" - 3x - 2) 
27) x°(-x? - 5x - 6) 
29) 2y*(-2y" - Sy + 8) 
31) 4x°(5x* - x - 9) 
@3) xy(x" = xy + y’) 


35) xy(x° — 2xy + 2y’) 


Distributive Property 


Z)V2ay) 


5) 2a(a - 1) 


8) -4y* (y + 6) 


3) -x(x + 2) 


6) 3b(b + 5) 


9) -6y"(y? ay) 


11) 2x(5x° - 2x) 12) 3y(2y - y’) 


14) (2y - 1)y 


17) -x’y(x - y’) 


15) (2x - 3)x 
2 
18) -xy’ (2x - y) 
20) x(x? oe 2) 
2 
22) 5) (Vey 0) 
24) -b(2b* + 3b - 6) 
2 2 
26) acy ay 3) 
3} 2 
25) ive VeVi 4) 
2 2 
30) 3x (4x - 2x + 7) 
DD, 
32) 5y"(-y" + 3y - 6) 
2 2 
34) ab(a‘ - 3ab - 4b‘) 


36) ab(a* + Sab - 7b’) 
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Simplify. 


1) (x + 1)(x + 4) 


4) (b-—5)(b + 4) 


7) (y - 6)(y - 2) 


10) (x + 11)(x - 3) 


13) (2x - 3)(x + 3) 


16) (2x - 1)(3x - 5) 


19) (3x + 4)(3x + 7) 


22. (5a — 9)(2a - 7) 


25) (x + y)(x + 2y) 


28) (a - 3b)(2a + 3b) 


31) (3x - 5y)(3x + 2y) 


Multiplying Binomials 


2) (y + 2)(y + 3) 


5) (y + 2)(y - 7) 


8) (a - 7)(a - 8) 


11) (2x + 1)(x + 6) 


14) (5x - 2)(x + 3) 


17) (2y-9)(y +1) 


20) (5a + 2)(6a + 1) 


23) (3b + 11 )(5b - 4) 


26) (2a + b)(a + 2b) 


29) (4a - b)(2a + 5b) 


32) (5x + 2y)(6x + y) 


Bia 2a 5) 


6) (x + 9)(x - 4) 


9: (a - 2)(a - 8) 


12) (y + 1)(3y + 2) 


15) (3x - 2)(x - 5) 


18) (4y - 7)(y + 2) 


21) (6a — 13)(2a - 5) 


24) (3a + 10)(4a - 3) 


27) (2X=3y)K=y) 


30) (2x - y)(x + y) 
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Simplify. 
1) (x° + 2x + 1)(x + 2) 


Sie a 2)(a - 2) 


5) (a” - 5a + 3)(a- 1) 


7) (-2b* - b + 2)(b - 4) 


9) (-x? + 6x - 3)(2x - 3) 


11) (x* - 4)(x +1) 


13) (x? + 3)(x - 5) 


15) (x°- 2x + 1)(x -3) 


17) (4y* + 7y - 1)(2y - 7) 


19) (3a° - 2a + 3)(a - 2) 


21) (4a° - 4a + 1)(a - 3) 


Multiplying Polynomials (Cont.) 


2) (x? - 3x + 5)(x- 1) 


4) (x* - 4x - 5)(x - 3) 


6) (x* - 5x - 4)(3x - 1) 


8) (-a° + 4a - 3)(2a + 3) 


10) a -a\Ga td) 


12) (y* + 3y)(y - 3) 


14) (y’ - y)(2y + 4) 


16) (y° + 2y? - 5)(2y - 3) 


18) (3y* + y - 3)(3y - 2) 


20) (2y* + 4y - 2)(2y - 1) 


22) (2b> - 3b” + 6)(3b - 1) 


23) (y? + y -2y + 2)(y + 1) 24) (a° SoA tea 1)(3a - 2) 
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Simplify. 


1) (x + 1)(x- 1) 


4) (x - 7)(x + 7) 


7) (4x - 3)(4x + 3) 


10) (3y - 1)° 


13) (x +7) 


16) (2a - 5)° 


19) (3a - 5)(3a +5) 


22) (9x - 2)" 


25) (5x - 6)(5x + 6) 


28) (2- 7y)? 


31) (4x - 1)(4x + 1) 


Special Products 


2) (x- 3)(x + 3) 


5) (2x - 1)(2x + 1) 


8) (x +5) 


f1) 0c) 


14) (x +9)° 


17) (5x - 4)° 


20) (6x + 5)(6x - 5) 


23) (a - 2b) 


26) (b - 6a)(b + 6a) 


29) (3 - 5y)* 


32) (2a + 3b)* 


3) (x + 5)(x- 5) 


6) (3x - 1)(3x + 1) 


9) (y - 4) 


12) (x - 3) 


15) (x- y)’ 


18) (3x - 7)’ 


2 


21) (2x + 5) 


24) (x + 2y)? 


27) (x + 5y)" 


30) (3 — 5y)(3 + 5y) 


33) (x + 6y)” 
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Applications with Polynomials 


Solve. 

1. The length of a rectangle is 3x. The width is 2. The width of a rectangle is x - 2. The length is 
3x - 1. Find the area of the rectangle in terms 3x + 2. Find the area of the rectangle in terms 
of the variable x. of the variable x. 


3. The length of a rectangle is 3x + 1. The width 4. The width of a rectangle is x + 7. The length is 


is 2x - 1. Find the area of the rectangle in terms 4x + 3. Find the area of the rectangle in terms 
of the variable x. of the variable x. 

5. The length of a side of a square is x + 3. Use 6. The length of a side of a square is x — 8. Use the 
the equation A = 5? where s is the length of a equation A = S7. where s is the length of the side 
side of a square, to find the area of the square of a square, to find the area of the square in terms 
in terms of the variable x. of the variable x. 

7. The length of a side of a square is 2x + 1. 8. The length of a side of a square is 3x - 4. Find the 
Find the area of the square m terms of the area of the square in terms of the variable x 
variable x. 


9. The radius of a circle is x + 4. Use the equation | 10. The radius of a circle is x - 3. Use the equation 


A= nr? where r is the radius, to find the area of A ae where r is the radius, to find the area of 
the circle in terms of the variable x. Use 3.14 the circle in terms of the variable x. Use 3.14 for x. 
for 1. 


11. The radius of a circle is x + 6. Find the area of | 12. The radius of a circle is 2x + 1. Find the area of 
the circle in terms of the variable x. Use 3.14 the circle in terms of the variable x. Use 3.14 for 
for 7. 1. 
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Dividing a Polynomial by a Monomial 















































Simplify. 
ax+ 4 7y +7 8a-12 
1 
) Zi 2) 3) : 
15a-—35 20a — 30 12b — 30 
4 5 6 
) 5 ) 10 ) 6 
2 y 3 
2 zs 
7) a“ +3a 8) 5y* +3y 9) 3b — 2b 
a y b 
ey: 3 2 Games 
10) 20y~ —10y 11) X~ +2x% —4x 12) a~ —4a° +5a 
10y, Xx a 
4 Saee 6 eee elu 
13) Ka 2X~ —X 14) a ia 4a 15) 4x“y~ —12xy 
x2 a 4xy 
2,2 6 4 Le 
16) 6x“y~ + 30xy 17) 10y~ —25y 18) 8x = 
Oxy oy" a2 
Bea.) 3 Doma Ss ped eq. 
19) yes 2y> 20) Oi hE: 21) 7X 4x 
-3y3 - 3x x 
4x2 4x —5 6y~ +4y—-5 ~2x? +5x-4 
22. 23) 24) 
X X 
8a2b —10ab +12ab2 24x2y2 —12xy ~36xy2 
25) 26) 
2ab 12xy 
97) 12a7b-18ab + 30ab* ay 20a“b + 10ab — 40ab2 
) 6ab 10ab 
5x2y + 6xy - 2xy? 6ab2 —24ab +18a“b@ 
29) 30) ae 
xy a 
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Simplify. 


1) (x? + 6x + 9) = (x +3) 


Bye 12x + 36) + (x -6) 


5) (x*- 2x - 8) = (x + 2) 


7x - 18) = (x - 6) 


9) (2x* + 5x + 3) =(x +1) 


11) (2y* + 7y + 3) =(y + 3) 


13) (6x - 27) = (3x- 9) 


45) Oc -1)= (x + 1) 


17) (4x7 - 10x) = (2x - 3) 


19) (a + 3a +10) = (a +5) 


21) (10y* - 29y - 21) = (2y - 7) 


23) (6a + 11a - 10) = (3a - 2) 


Dividing a Polynomial by a Polynomial 


2) (x? + 8x + 16) = (x +4) 


A) (a° - 14a + 49) = (a-7) 


6) (y’ - y - 30) + (y- 6) 


8) (y> + 5y - 14) = (y+7) 


10) (2y* - 11y + 14) = (y-2) 


U2) ya iy 2 1ye(y = 3) 


14) (2y" + y - 15) = (y + 3) 


1) Cae) eae) 


18) (4y* + 2y) = (2y- 1) 


20) (b* - 7b - 8) = (b- 4) 


22) (12a” - 6a - 6) = (2a + 3) 


24) (15x* + 14x - 8) + (5x - 2) 
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Removing a Common Factor 


Factor. 

1) 4a+4 2) 6c - 6 3) 8 —4a* 

4) 9 + 21x” 5) 3x +9 6. 10a° + 15 

7) 24a - 8 8) 24x + 12 9) 9x - 6 

10) 16a” - 8a 11) 12xy - 16y 12) 6b° - 5b 

13) 20x? - 24x" 14) 12a° - 36a" 15) 24a°b‘ - 18a°b* 
16) 4a°b + 6ab* 17) ab’ + ab 18) 25x°y* — 15x°y 
19) 3x’y - 5xy* 20) 8a°b - 12a°b° 9 eve eye 

22) x? - 5x? + 7x 23) y> - 6y” - By 24) 4x - 16x + 20 
25) 6y* - 9y + 12 26) 3X° - 9x + 18 27) b' - 3b? + 7b” 
28) 4x* — 8x? + 12x" 29) 12y" - 16y + 48 30) 5y’ + 10y° - 35y 
31) 4x7 + 12Xx° - 28x" 32) 45a‘b* - 75a°b + 30ab" 33) 32x'y* - 96x’y* - 48x®y? 
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Factor: 


1) x(at+ b) + 3(a + b) 


4) a(c - d) + b(c - d) 


7) x2) -(y - 2) 


10) 5y(x - 3) - (3 - x) 


13) a(x - 9) - (x - 9) 


16) 3x(a + 1) + 4(a + 1) 


19) x(a - 3b) + y(3b - a) 


22) 2x(x - 6) + (6 - x) 


25) m(a - 9) - n(9 - a) 


28) x(a - 2) - 3y(a - 2) 


31) m(n - 1)+ 2(1 - n) 


34) 5( x - y) - zy - x) 


Factoring by Grouping 


2) a(x - y) + 5(x - y) 


>) Wao Lye(a-11) 


8) 3x(y - 7) - (y- 7) 


11) x(a - 2b) + y(a - 2b) 


14) b( a - 5) -2(a- 5) 


7 axl) x) 


20) x(a - 9) - (9- a) 


23) d(e-5) + (5-e) 


26) 3m(n - 2) - (2- n) 


29) x(y - 5) + (5 - y) 


2) XC) Vi are) 


3) x(b -1) - y(b - 1) 


6) a(y + 3) - (y + 3) 


9) 2x(x - 5) - (x - 5) 


12) 4a(a + 1)- (a+ 1) 


15) c (x - 3y) + d(x - 3y) 


18) x(a - 4) + y(4 - a) 


21) axe 7) ts - x) 


24) 2x(a - 4) - y(4-a 


~~ 


27) 2a(b- 1)-c(b-1 


a 


30) 2(a - b) + c(b- a) 


33) a(b - c) - 3(c - b) 
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Factoring by Grouping (Cont.) 


Factor by grouping: 


1) 2xy - 6x + 3y—9 2) x? + xy + 2x + 2y 
3) ax + 5x + 6a + 30 A) 2x - xy + x-y 

5) 6x" + 2x + 6xy + 2y 6) 4a° + 4ab + 3a + 3b 
7) ax-7a-2x+14 8) 2x* + 2xy - 5x - 5y 
9) ax+a-2x-2 10) 3xy + y - 9x -3 
11) 3a° - a - Gab + 2b 12) 2ax + x - 6a-3 
13) 2ax - 3x - 4a + 6 14) 5a - 15a - 3ax + 9x 
15) xy - 3x-y*+ 3y 16) 7a’ - ay - Zab + by 
17) 6x? - 4x - 3xy + 2y 18) 4a* + 12a - ab - 3b 
19) 2a’ + 3a - Bax - 12x 20) 3x - 6x - xy + 2y 


21) 8ax - 2a + 4xy - y 
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Factor. 


1) a°- 2a-35 


4) a°-5a+6 


7) Paer 6b - 16 


10) y* + 5y - 66 


13) y’ - 9y +18 


16) a’ + 3a- 28 


19) x* + 10x + 25 


22) b* + 10b + 16 


25) x° + 10x - 56 


28) b* - 20b + 84 


31) a + 16a + 63 


Factoring Trinomials with Coefficients of 1 


Dyan = Ages 
2 
5) b*- 7b + 10 
2 
8)y -y-30 
2 
11) x - 4x - 60 
14) x’ - 12x + 36 
17) x* + 10x +16 
20) x* - 14x + 49 
2 
23) x - 9x — 36 
2 
26) x” - 8x -128 
29) b* - 21b + 108 


32) x° - 19x + 60 


3) a* + 3a- 10 


6) b* + 8b+ 15 


9) y’ + 3y - 40 


12) y* - 7y + 10 


15) x’ - 4x - 96 


18) b* - 11b - 180 


21) b* + 7b + 12 


24) x’ - 7x - 60 


27) x 4x 77 


30) b* - 27b + 180 


33) x’ - 25x + 84 
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Factor. 
Dy 5x + 2 


4) 3x°+x-2 


7) 3x?- 13x +4 


10) 5a + 13a -6 


13) 5x” - 3x -2 


16) 14x? - 9x +1 


19) 8x° - 26x -7 


22) 6x" - 5x- 6 


25) 5x° + 2x-7 


28) 8x* - 26x + 15 


31) 8x* - 2x-15 


34) 12y" - 16y -3 


2) 3x* - 2x-1 


5) 2b* - 13b +6 


8) 4x? + 4x -3 


11) 6y + 5y-6 


TA oi 


17) 7y* +18y + 8 


20) 3a’ - 5a - 12 


23) 47 sy 5 


26) 10x = 1126 


29) 12x* - 7x - 10 


32) 10x” - 21x - 10 


Factoring Trinomials with Coefficients Greater than 1 


Bye wears 
2 

6) 3a -7a+2 
2 

9) 5a + 2a-3 
2 

12) 6x° + x-5 

15) 7y° + 8y +1 
2 

18) 9a - 3a-2 
2 

216 1 0Xss 

24) 7x* + 20x -3 

27) 15x° + 14x- 8 
2 

30) 9x - 12x -5 


33) 15x’ - 26x + 8 
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Factor. 
1) 2x* + 8x +6 


4) 4x? - 8x - 12 


7) xy? - 7xy + 10x 


10) 2a - 10a° + 8a 


13) 4x* + 28x - 32 


16) 2° + 142° + 45z 


19) x? - 9xy + 14” 


22) 2x* -14x - 60 


25) 5y* - 50y + 45 


28) a’ - 12ab + 35b" 


31) 2x’y - 34xy - 36y 


Baye a: 72a 


Factoring Completely 


2)ax ox ai? 


5) ab* - ab - 2a 


8) xy + Llxy + 28x 


11) 3y° - 18y* + 15y 


14) 2x’ - 2x - 12 


17) a* - 2ab - 48b* 


20) 4y* - 16y - 128 


23) 4a° + 28a - 32 


26) 2 + 2X - 12x 


29) x? + 3x’ - 40x 


32) ee INT 63 


3) Saeao 36 


6) ab* + Sab -14a 


9) sive =. 12% 


12) 5y° + 10y” - 40y 


15) 32° - 217-24 


18) © + 17c? + 30c 


D1) 3x 3x" 18 


24) 3y* - 24y + 45 


27) y* + 7xy - 8x" 


30) 10x? + 60x" + 80x 


33) 2x + 14x - 240 
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Factor. 
1) 3x - 6x +3 


A) 3x? - 8x? + 4x 


7) 4x - 25xy + 6y" 


10) 2x? - 7x? - 4x 


13) 32 + 4x - x? 


16) 12x° - 19x +4 


19) By" - 8y - 6 


22y12y -12y-9 


25) 35a° - 16ab - 3b" 


28) 6x° - 26x” + 8x 


Factoring Completely (Cont.) 


2) 8x* + 22x - 6 


By i5y © 5/10 


8) 3y* + 8yz + 52" 


11) 15+ 8x+x° 


14) 4y* - 4y -3 


17) 27 - 6x-x’ 


20) 5x° - 6x” + x 


23) 8x" + 8x -6 


26) 10a° - 15a° - 25a 


29) 10b* + 14b- 12 


3) 6y* - 20y + 14 
6) 2a°b + 8ab — 24b 
9) eee lixy + 30y° 
12) 21+ 4x-x? 
15) 12y* + 12y-9 
18) 5x° - 35x - 40 
21) 3x’ - 11x - 20 
24) 6x* + 22x - 40 
27) 6x? + 17x” + 5x 


30) 227 - 92% -z° 


31) 10a - 31ab + 15b” 32) 6x2 10. 33) 19 + 18x - x’ 


34) 13x° + 49x — 12 
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Factor. 


1) x’ - 16 


4) ox? -1 


7)x'-4 


10) 81x - 1 


13) y'- 121 


16) x + 81 


19) 1 - 25x" 


22) 16 - 49x" 


25) x*y" - 100 


28) 25x* - 144 


31) 36a° - 1 


Difference of Perfect Squares 


ype eas 


5) 16x" - 25 


8) x° - 100 


2 


11) 1 - 100x 


14) 1 - 144? 


17x ay 


20) 1 - 36x" 


23) b* - 144c’ 


26) x° - 81 


29) xy" -1 


32) 49x*- 4 


3) x? - 64 

2 
6) 9x" - 49 
9) 36x" - 1 
Bie Ne 

2 
15) x° + 25 
18) x’ -y® 

2 

21) 4% 
24) a° - 49b" 
27) 9x - 16y” 


30) x” - 400 


33) x*- 4 
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Factor Completely. 


1) aes y> 


4) x°-8 


7a \ OE an 


10) 27a°- b° 


13) 125a°- 27b° 


16) 8a° - 125 


19)a- 1 


Sum and Difference of Cubes 


2) x°+8 


8) 84+ 1 


8 


11) 27a° + 8b 


14) 64x? - 27y° 


17) 8a° + b> 


20) Ae 


3) vee a 
6) sad 
9) 8x°-y> 


12) 8x°+ 125y> 


15) we y° 


18) 64x° +1 
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Factor Completely. 
1) 3x* - 12 


4) y> - By" +16y 


7) 3b* + 30b + 63 


10) 2a* - 18a - 44 


13) a’ - 12a° - 28a" 


16) 2x" - 11x? + 5x’ 


19) 15x> - 18x + 3x 


21) 3xy* + 11xy - 20x 


23) a°b* + Zab~ - 8b" 


25) 72 + 2a° 


27) xy" 1 y 


29) x? - 9x? 


31) a(3x - 3) + b(3x - 3) 


Factoring Completely 


2) 2x* - 50 


3) epee Xx 


px foc ae 6) a’ - 3a° - 40a” 


8) Sa°+ 7a - 6 


9) 4y* - 32y + 28 


11) x° - 8x” - 20x 12) b° - 5b* - 6b 


14) 5a> - 30a° 


17) S16 


+ 45a 15) 4x’ - 6x +2 


18) a’ - 81 


20) 9a° + 39a + 12a 


22) 24 + 6x - 3x" 


24) 4x*y + 12xy + By 


26) 18a° - 54a* + 36a 


28) 5x° - 45y” 


30) a'-1 


32) y*(a + b) - 4(a + b) 
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Solve. 
1) (y+1)(y+2) = 0 


4) (x + 7)(x- 5) =0 
7) a(a- 4) =0 
10) t(2t- 5) =0 


13) (b- 1)(b-4) =0 


16) x? - 4x- 21 =0 


18) x? — 5x = 6 


20) x*- 8x =9 


22) 2a a = 3 


24) 5a* + 13a = 6 


26) x(x+10) = 11 


28) x(x+ 5) = 50 


30) (2x + 3)(x- 1) = 25 


32) (y + 2)(y - 3) =6 


2) (y- 4)(y- 6) =0 
5) x(x - 8) = 0 
8) a(a+ 7) =0 
11) 3a(2a- 1) = 0 


14) (b- 7)(b + 4) =0 


17) x° + 6x- 16 =0 


19) x’ - 7x = 18 


21) x*- 5x = 14 


23) 4t” - 13t = -3 


25) 2x bx = 2 


27) y(y — 9) = -18 


29) xX(xe— 11) = 30 


Solving Quadratic Equations by Factoring 


Bi zo)z- = 0 
6) x(x + 1) = 0 
9) y(3y + 2) =0 
12) 2b(4b + 3) =0 


15) 6 0 


31) (z + 1)(z- 9) = 39 


33) (y + 3)(2y- 1) =9 
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Applications of Quadratic Equations 


Solve. 


1) The square of a positive number is four more than | 2) The square of a negative number is forty-eight 
three times the positive number. Find the number. more than twice the negative number. Find the 
number. 





3) The sum of two numbers is seven. The sum of the | 4) The sum of two numbers is ten. The sum of the 
squares of the two numbers is twenty-nine. Find squares of the two numbers is fifty-two Find the 
the two numbers. two numbers. 





5) The sum of two numbers is twelve. The product of | 6) The square of the sum of a number and six is 








the two numbers is twenty-seven. Find the two eighty-one. Find the number. 
numbers. 

7) The sum of the squares of two consecutive 8) The product of two consecutive even positive 
positive integers is sixty-one. Find the two integers is one hundred-twenty. Find the integers. 
integers. 





9) The length of the base of a triangle is three 10) The length of a rectangle is four times the width. 
times the height. The area of the triangle is 96 ft. Theatres is 144ineskind the length and width. 
Find the base and height of the triangle. 





11) The width of a rectangle is 7 ft. less than the 12) The length of each side of a square is extended 
length. The area of the rectangle is 120 ft. a by 3 in. The area of the resulting square is 121 
Find the length and width of the rectangle. in*. Find the length of a side of the original 

Square. 
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5 
Pa 


Simplify. 
2 

1) 8x 

12x4 





7) ay +1) 
45y“(y +1) 


12x3(5- 2x) 


a 18x(2x — 5) 


6 — 8x 


CO) Some 
4x* -— 3x 


x? ~7x +12 


16) ; 
x" =x-12 


x2 ~7x +10 


19) a 
x” —4x-5 


ey" 


22) ; 
yoy =15 








25) 5 
px = /xX=6 


2x2 -8 


1) nn 
x~ + 4x -12 


Bx? -1ix +2 


Simplifying Algebraic Fractions 


24x2y 
32xy? 





2) 











x2 42x -15 


14) ; 
= =O ZL 


x2 ~3x-10 


17) 7 
X= 26x45 


x? +6x+9 


20 
ESSE 


3 2 
23) Sy Se ley DANN 





x? 45x? —14x 


2x? -7x +3 


26) 5 
2x° +9x—5 


2x2 9x +7 


29) 5 
xX" +2X%=3 








x? —8x +16 


18) 
x? ~9x +20 


x? —2x —24 


21) 
16-x? 


2x? —18x 
4x3 —32x2 — 36x 





24) 


x? +2x —24 


27) 5 
12 —4x —x 


30 
) 4x -3 
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24? ttontogta gaiyitignt2 


Simplify. 
Oxy , 14a*b? 
35a°b? 45x3y2 








6x -—9 , 36x +18 
12x+6 24x -—36 





x* -3x-10 | MLD 


7) 
x2 5x x? 4 





2 
10) -,—~ Seen 
x“ +12x +32 x-y 


x2 43x-4 
e 





x* -7x-18 | x* -11x+18 


13) 
yer 81 x74 





x? -3x-54 x? ~9x-10 
x =8x-20 x2-8x-9 





16) 


19) 


ye e5x3 42x27 -x-6 


3x* -10x +3 | 2x? -3x-2 


Multiplying Algebraic Fractions 


8xy?_ | 15a°b? 
75a*b? 32x2y2 





x* 16 _ rex 
x? —4x «x2 4 8x +16 





5) 





x* -x-20, ON 


8) 
x*y3 x? —10x +25 





x*+5x-14 x? -64 


11) pi 2 
Xa 6X16 Xe — %— 56 


2 2 
14) CO DN WS a lx +03 





x? 412x435 x2 -x-6 


x? -4x-32 x? +2x* +x 


17) 
x? — 8x 





x? 45x +4 


x2 44x43 3x? +x-4 


20) 5 5 
6X > E17 x2 Il 





9x-18 20x+80 


3) e 
aXe lo 12x = 24 





x* 2x41, x? +8x 


6) 5 
ME sk IM HE 





x2 4x -2 


3x* —7x 3 3xy? eye 
By y 6x- = 14x 





x* -3x-10 . x* -x-20 
x2 —25 





12) = 
Xe OxeaG 


x? +5x-14 | x*+x-2 


15) 5 
ey ee. 





x* -x-6 


2x? +3x-20 | 4x? -12x+9 


18) 5 5 
OX! 47K =—308 2X54 
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i Serdets ooidigitiudt 


Simplify. 
) 3 By 
25a2b2 15ab 


18x-9 12x+36 


Cy as ae ear 
24x-36 20x —30 


me OX + 2 ' xe 4x44 


2 


7) , 
xy eye 





Bax—9a_ 2x-3 


y? y4 


10) 





oe Ox+ 2 xGet 
x2 -7x+10 x2-4x-5 





13) 


x7511x+28  x* -9x+20 
Me =13x+42 x? +x-30 





16) 


Pie 5X3 2x? 5X 42 
2x 215 x—5 





19) 


Dividing Algebraic Fractions 


18a*b* —_27a%b? 
25a°b* 100a*b2 





x? + 2x x42 


5 
X ode x2 














x2 Se ee +6x+8 


11) 
x? ~9x +14 x2 42x -8 





ee) eee be ell 


Le a) 
MO ES ES ar Ox aS 





KOK = 40 OX 
x2 -7x-30 2x*+5x+2 





17) 


Bye dy oeesya oy +> 





20) eres ei 
2y°-7y-4 2y~-9y-5 


5x-10 15x-30 


3) . 
6x24 9x36 





X7-xX-6 X+2 





6) 


xe) +1 


Ko 25 x? 210K 25 


9) : 
x3y4 x4y2 





x27 +x-6 x? -9x+14 


12) 
x29 x? ~8x +15 





KIX 63 x SK 2B 


15) 
x2 4x45 x2+49x+20 





2 a x 
1g) 3X +17x +10 | x? -8x~48 





By. 22x16 xc 
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Addition and Subtraction of Fractions with Like Denominators 
























































Simplify: 

2 5 
1) —+— Dykes 3 2 a Ui 

x2 x? xy xy as a 
3) 5 4x : 6x 6 ey 

X-5 x-5 Bx 2) 8X2 Oak tayo ah 
7) 3x+2_x+4 8) OX+4 | 3x-9 9) Ay ==3 2% =19 

x-2 x-2 2xX-1 2x-l1 x+8 X48 
10) 7X+4 4x4+31 11) X-6 5x-4 12) 3n _ ais 

x-9 x-9 Sx Oe 2n+9 2n+9 
13) x - 2 14) : 2x : 8 

Me 3x-10 x2-3x-10 ex S12 YonNeI2 

DS = 7 mails} 

15) Seay ; ee 16) ; x : 

x2 6x48 x?-6x+8 x2 44x-12 x2 44x -12 

a = 4x —3 X=2 

iy) ae ee 1) — 

mee IY = 57 2V~ + OY = 5 IX-rEK 3° 2x5 x3 

ones 2 OG 

3x? +x 2x eX pe L2X5= TK OG eK 10 eae 

19) zo) Ko 56 KC Ke 6) ee en 


x2 -6x+5 x*-6x4+5 x? —6x +5 
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Addition and Subtraction of Fractions with Unlike Denominators 


Simplify: 


1) 8_4 
xa SOX 









































ee 
2a 3a 
2X = 1x +1 
5 2 
) 2x 3x 
x+1 3x-3 
8) ai 
Xy xy 
11} ee 
K=Il KE 
14) eee 
2x=Lf x-3 











X+2 3 
x 2¥565 3 =x 





17) 
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Complex Fractions 









































Simplify: 
1-2 Dee = _ 
) 2 Xx Mere 
qe 25: ) 36 3 ear 5 
x2 x2 Mele SG 
_ 18 ie ea 
4 x-5 5 2x +1 X+6 
) mo ) ois eS) 25 
x-5 2x+1 x+6 
1-% Ze 14245 ies 2 
xX x Xx X 
7) 5 8) 40 9) 2215 
“yg oe x 
a X= a x 
xX x 11) —_*+2 12) —_+*— 
Oe es oes 
xX ee X+3 es 
X+3+ 3 iy la <-—— 
Pye X42 14) ee es 15) = 
S 8 6 i 
X+2- X+3- —+ 
X+2 -—4 x x41 
a2 2 
Dat xX 
1 
6) 6 3 
Moen a Sk 1 
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Fractional Equations 















































Solve 
2x 4 8 x a ae) Bx 4 1a. 7 
i = 2) SS —— 
15-37 p Mae eG st) ere 
xs 1 4x+2 3 5 20 
4 -—-—= —-— 5 =3 6 = 
) 10 2 10 5 Le Ne 
7 = 6 8) 2 5s cee 
x n = 
4 3 S 2 4 = 
1 = 11 = 12 =a 
0) Mea D  Sveeteal Ix 3x42 eet 1-—3x 
xX 2 6 3 Sx x 
is) = 3> 14 ao 15 3= 
ye Xx-2 ies y-l eae x-2 
n 1 ne 6 x a 
= A WA) ) a SS 
a wees nto ai xed ) 12 xo 
2. a8! 
7.) a, 20) 
y y-l 3x -4 x 
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28) ee . . 








16 
Xx-3 3x+l 





Solving Proportions 























Worksheet 36 





Applications with Proportions 











Solve. 

1) The monthly loan payment for a car is $31.05 for | 2) An investment of $1000 earns $130 each year. 
each $1000 borrowed. At this rate, find the At the same rate, how much additiona/ money 
monthly payment for a $7000 car loan. must be invested to earn $325 each year? 

3) Eighteen ceramic tiles are required to tile a 4) A pre-election survey showed that 4 out of every 
12-square-foot area. At this rate, how many feet 5 voters would vote for a new library. At this rate, 
can be tiled using 324 ceramic tiles? how many people would be expected to vote for 

the library if 20,000 votes were cast? 

5) A quality control inspector found 3 defective 6) A license fee for a car which cost $6000 was $72. 
electric clocks in a shipment of 100 clocks. At At the same rate, what is the license fee for a car 
this rate, how many clocks would be defective which costs $8000? 


in a shipment of 3000? 





oo ee 





7) In a wildlife preserve, 20 deer are captured, 8) A stock investment of 100 shares paid a dividend 
tagged, and then released. Later, 50 deer are of $140. At this rate, how many additional shares 
captured. Four of the 50 are found to have tags are required to earn a dividend of $210? 


Estimate the number of deer in the preserve. 





9) Two ounces of a medication are required for a 10) A caterer estimates that 2 gallons of fruit punch 
120-pound adult. At the same rate, how many will serve 30 people. How much additional punch 
additional ounces of medication are required for is necessary to serve 75 people? 


a 180-pound adult? 
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Literal Equations 


Rewrite in terms of y. 


1) x+y=8 2) 5x-y=2 3) 2x + 5y = 20 
4) 5x - 2y = 10 5) 3x + 6y = 18 6) x -2y = 6 
7)x+4y=8 8) 2x -3y -18 = 0 9) 3x-y+9=0 


Rewrite in terms of x. 


10) x + 4y =6 11)x-5y=7 12) 2x-y =4 
13) 3x + y = 12 14) 2x + 3y =8 15) 2x + 5y = 10 
16) 3x - 5y - 30 =0 17) 2x -7y -14 =0 18) 5x- 4y+5=0 


Rewrite the formula in terms of the variable given. 








19) a =_bh; b 20)P=a+ b+ca 
2 
Co) Stal 22) PV = nRT; P 
23) P =2! + 2w; w yea 
E MB —T 
ELS eel 26) R = -M 
) R+r ) K 
27) K = mr - mv; m 28) S = ar(r- 1): | 
29)A=P+Prt;r 30) a=? 2 
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Work Problems 


Solve. 

1) Two farmers are planting peanuts. One farmer, 
using an old planter and working alone, 
required 6 hours to plant the crop. A second 
farmer, using a modern planter, can plant the 
crop in 2 hours. How long would it take to plant 
the peanut crop with both planters working 
together? 


2) A high speed copier can completely copy a report 
in 10 hours. An older copier requires 15 hours to 
do the same task. How long would it take to copy 
the report with both copiers operating? 





3) One member of a golf course greens crew can 
mow a fairway in 40 minutes, while the second 
member of the crew requires 24 minutes to 
mow the same fairway. How long would it take 
to mow the fairway when they work together? 


4) A small heating unit will heat a room 10° in 60 
minutes. A larger heater will heat the room 10° 
in 40 minutes. How long would it take to heat the 
room 10° with both heaters operating? 





5) With cold and hot water running, a bathtub can be 
filled in 8 minutes. The hot water faucet working 
alone requires 24 minutes to fill the tub. How long 
would it take the cold water faucet working alone 
to fill the tub? 





7) A large and small inlet pipe work together to fill a 


storage tank. The larger pipe requires 8 hours 
working alone to fill the tank. After both pipes 
have been operating for 3 hours, the larger pipe 
is turned off. The small pipe requires 10 more 
hours to fill the storage tank. How long would it 
take the smaller pipe working alone to fill the 
tank? 


6) An experienced bricklayer can construct a wall 
twice as fast as an apprentice bricklayer. Working 
together, the bricklayers require 8 hours to build 
the wall. How long would it take the apprentice 
working alone to build the wall? 








8) One welder requires 20 hours to make the welds 


in a steel frame, while a second welder requires 
35 hours to do the same job. The first welder 
worked for 8 hours, and then quit. How long 
would it take the second welder to complete the 
welds? 





9) Two computer printers that work at the same 
rate are working together to print the payroll 
checks for a large corporation. After working 
together for 3 hours, one of the printers quits. 
The second requires 2 more hours to complete 
the payroll checks. Find the time it would take 
one printer alone to print the payroll checks. 


10) Two roofers who work at the same rate are 


roofing a section of an apartment. After working 
together for 8 hours, one roofer quits. The 
second roofer required 15 more hours to finish 
the job. How long would it take one of the 
roofers working alone to roof the apartment? 
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Distance Problems 


Solve. 

1) An express train travels 440 miles in the same 2) A commuter plane flew 720 miles in the same 
amount of time that a freight train travels 280 amount of time it took a jet to fly 1520 mi. The 
miles. The rate of the express train is 20 mph rate of the jet was 200 mph greater than the rate 
faster than the freight train. Find the rate of of the commuter plane. Find the rate of each 
each train. plane. 





3) A sales accountant traveled 75 miles by car and 4) A single-engine plane and a corporate jet leave an 
1800 miles by jet plane. The rate of the jet is airport at noon and head for another airport 1040 
eight times the rate of the car. The entire trip took miles away. The rate of the corporate jet is four 
6 hours. Find the rate of each. times the rate of the single-engine plane The 


single-engine plane arrives 8 hours after the 
corporate jet. Find the rate of each plane. 





5) The speed of a boat in still water is 28 mph. 6) A jet can fly 550 mph in calm air. Traveling with 
The boat traveled 70 miles down a river in the the wind, the plane can fly 2400 miles in the 
same amount of time it traveled 42 miles up the same amount of time as it flies 2000 miles against 
river. Find the rate of the river's current. the wind. Find the rate of the wind. 











7) A motorist drove 270 miles on a four-lane 8) A plane can fly at a rate of 220 mph in calm air. 
highway before driving 54 miles on a two-lane Traveling with the wind, the plane flew 1000 miles 
mountain road The rate of speed on the four- in the same amount of time as it flew 760 miles 
lane highway was two times the rate on the against the wind. Find the rate of the wind. 


mountain road. The time spent traveling the 
324 miles was 7 hours. Find the rate of the 
motorist on the mountain road. 





9) A canoeist can paddle at the rate of 8 mph in 10) A corporate jet can fly at 280 mph in calm air. 
calm water. Traveling with the current, the Flying with the wind the plane can fly 960 miles 
canoe traveled 30 miles in the sarne amount of in the same amount of time as it can fly 720 
time as it traveled 18 miles against the current. miles against the wind. Find the rate of the wind. 


Find the rate of the current. 
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Applications Of Variation 


1) Salary. Robin earns $12 an hour (h). How 2) Salary. Kwang earns $9.50 per hour. How much 
much does she earn in 8 h? does he earn in 40 h? 

3) Distance traveled. Lee is traveling at a 4) Distance traveled. An airplane is traveling at a 
constant rate of 55 miles per hour (mi/h). constant rate of 450 mi/h. How far does it travel 
How far does she travel in 8 h? in 7 h? 


Translate each to an algebraic equation using Kas the constant of the variation. 


5) s varies directly as x 6) r is inversely proportional to s 
7) V is directly proportional to ¢ 8) m varies inversely as 7 
9) y varies inversely as the square of x 10) V varies directly as the cube of r 


Find 4, the constant of the variation. 


11) y varies directly with x, y= 54 when x = 6 12) m varies directly with n, 7 = 144 when n= 8 
13) Vis directly proportional to 4, V= 189 when 14) d directly proportional to t, d =750 when 
h=9 f=15 
15) mvaries inversely as p, m = 20 when p= 25 16) vvaries inversely as x, y= 12 when 
1 
a>) 
17) wis inversely proportional to 4 w= 3 when 18) ris inversely proportional to & 
f= 12 


f= ; when t= 14 
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\/Simplifying radicals 


a) Perfect Squares 


These numbers have a set of “twins” as factors: 


\/16 =»/4- 4 (notice the “twins” as factors) = 4 


o0= ae = 3 

4 =2 

Ji =1 

[144 = 12 
Try these: 
pelea  2)4/25 ee 3)V49 
5)/36 6) 0 sa 7)V64 


8) 81 


b) NOT so perfect squares: Choose a set of factors, where one is a perfect square. Look for 


the largest perfect square that you can find. 
Vi8 = V9-2 = V9 -V2 = 3V2 

32 = Vi6-2 = Vi6 -2 = 4/2 
V75 = V25-3 = V25 -V3 = 5V3 
[200 = 100-2 = 100 -/2 = 10/2 


Try these: 
1) 72 . 2). 2 3) 50. 
5) 27 6)V8_ FAV are 


4) /20 


8) 45 
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Simplify. 
1) /25 


4) /196 


7) 18 


10) 45 


T2) - 6,32 


16) —7,/50 


19) /150 


22) 3/160 


25) V135 


28) /700 


Simplifying Radicals 


2) v121 


11) 72 


14) 9/40 


17) /192 


20) /900 


23) 5/98 


26) 128 


29) /245 


3) /169 


6) /400 


9) /20 


12) sy 12 


15) 125 


18) 3/144 


21a 200 


24) /88 


27) 3V75 


30) 2/96 
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\/SIMPLIFYING RADICALS WITH VARIABLES 


In a square root the index is 2 


a 


Alx 


In a cube root the index is 3 


Vx 


In a fourth root the a 


x 


To simplify radicals with variables look at the radical as a “jail” with the variables trying to “break out”. 
The index indicates how many must be in a group to "break out". For instance, if the index is 3 then 
there must be 3 of the same thing to escape. 


3 V 
Take note of this one: Axe = (x 9 = x’ (Notice the square means two groups). 


But, watch what happens when there is an extra variable........ 


— (ae ox 
s/x° (which really means </x° ) =  xfOc x) x = xr/x 


To figure the answer without drawing all the x’s, simply divide the index into the exponent. The number 
of times the answer comes out evenly, is the exponent of the variable on the outside and the remainder 
is the exponent under the radical in the answer. 





7. 
4 fag es F Sun 
Vx? G = 1remainder 1) = xx | KG = 2, remainder a vx 


ae 8, no remainder) = x° 









at oa 


Aix!" iS = 3, remainder 2) = x° \x 








Try these: 


ax OR ixe gabe AM Ke ale ene 
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Simplify. 


1) vx 
4) Vx!3 
7) ¥9x® 


10) “ib alae 


13) V27x? 


16) /96x2y* 


19) /24x3y° 


22) 3V81a2b° 


25) 3V9a°b2 


28) 100(a+5)4 


31) /4(x -1)2 


Simplifying Radicals with Variables 


2) y x10 
5) {x®y6 
8) /16y10 


rey) lige 


14) /80y° 


17) \36a*b® 


20) 90x°y> 


23) x x7y4 


26) 4V36a°b° 


29) 64(x+y)* 


32) Vx? +12x +36 


3) yy? 
6) aye 
9) 36x? 


12) /32y° 


15) 48x°y° 


18) /100x*y?® 


21) 4V16a°b? 


24) yyxy® 


27) 4y*/32x2y? 


30) [49(x -3)? 


33) Vb* -10b+25 
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Simplify. 
Waa 2N3 


4) 3V7 -9V/7 


7) 3/y +7,/y 


10) sv3a —6V3a 


13) - 4V3a + 3V3a 


16) — 4x,/2y -3x,/2y 


19) 3V192 -2,/48 


22) 4/16x —3/25x 


25) 3v16x —2V25x 





28) 3V2 -6V2 +7V2 


Sine 12 —5,/3 + 6/27 


Addition and Subtraction of Radicals 


2) Be yan 7p) 


5) 242 S70 


8) 5Vx -9Vx 


11) 4417) = 8,7) 


14) 3y 2 -8yV2 


17) 2,/xy -10,/xy 


20) 4/72 - 4/50 


23) —2,/36y + 6,/64y 


26) — 4,/36y +6,/64y 


29) 2V5 -7¥5 -10V5 


32) 4V50 -2V32 - 18 


3) 22 6 6 


6) — 475 -6V5 


9) 6Vx -11Vx 


12) 6, a4 2a 


15) 3a/5a —6ay5a 


18) —5,/xy +7,/xy 


21) 6/20 -3V45 


24) 2V2x* —3V18x? 





27) 2,2y2 -3y32y? 


30) 2/20x —3V45x + /80x 


33) 4Va3b + 2aV9ab — V16a2b 
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Simplify. 
1) 3/27 


4) Vry® yxy 


7) 2xy? 18x°y 


10) /6(v6 - V3) 


13) Vx(vx +y) 


16) /6(/2 - V6) 


19) (3Vx -y)? 


22) (2Vx —3y)(3Vx -5y) 


24) (2Vx — Jy )(2vx + Jy) 


26) (3Vx +./y)(5vx -3,/y) 


Multiplication of Radicals 


2) /5V20 


5) Ja2bVa4b3 


8) V5a°b? V20a*b 


11) 4(V8 - V2) 


14) /3(./12 - Vx) 


17) /5(/20 - Va) 


20) /2a(/2a - 80) 


3) Vzz 


6) V8a°bv2ab> 





9) /5ab2 /15a9b° 


12) /2(/2 -V8) 


15) V8(/y - V2) 


18) (/x - 4)? 





21) /3x(V6x — 3x) 


23) (4vx + Jy )(5vx -,/y) 


25) (v5x + y)(v5x - y) 





27) (4x ~3,/y (2Vx —5,/y) 
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Division of Radicals 











Simplify. 
1) “0 2) ot 3) a 
4) = 5) — 6) we 
7) a 8) = 9) & 














oy ae 14) ee 15) awe 
16) scm 17) ES 8) = 
9) =e 20) ge rte 
24) M78 25) Sat 2s 
26) ayy? +7y> 27) ga2/a —3ava> 
vy V4a 
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Imaginary Numbers 





V-1=1 











/-36 =J-1¢/36 
v v 
i © 6 = 6i 
E 
J-50 =J/-1¢/25¢ 2 
v v y 
ie 5 e/2=Siv2 | 




















Now Try These: 
81 2) 0 3) eee 
2) 4 oa 5) 275 6) eit ees 
5 a §)-4/224 = 9) 3,245 = ee 
0) 7-60 
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” FIRnnigan 


Solve and check. 


1) vx =6 


4) va =10 


7) V3x =6 


10) 3-/2x =0 


f3)e 4x55 -1 


16) V2x-3 =1 


19) 0=3-J2+x 


22)65=7 —V2c 


24) J2x+5=0 


26) 0 = 3x-6-9 


28) /2x+5-3=0 


Equations with Radicals 


2) Jy =8 


5) V3x =3 


8) 5-J5x =0 


11) V3x 41=4 


TAyROx 7 3 


17) 65 


20) 0=5-V5+x 


ble) (eh ee tee 


25) V3x-2 =0 


27) V2x -4=-6 





29) /3x —6 = V9x -12 


Bye = 16 


6) V2x =4 


9) /6x -12=0 


1p) eee = 


15) V2x-1=3 


18) /5x-4 =6 


21) 2x -1=3 
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Applications with Radicals 


Solve. 
1) Six added to the square root of the product of two 
and a number is equal to ten. Find the number. 


i 


2) The product of a number and the square root of 
three is equal to the square root of twelve. Find 
the number. 





3) How far would a submarine periscope have to be 
above the water to locate a ship 4 miles away? The 
equation for the distance in miles that the lookout 
can see is d= 1.4V/A, where his the height in feet 


above the surface of the water. Round to the 
nearest hundredth. 


4) How far would a submarine periscope have to be 
above the water to locate a ship 4.2 miles away? 
The equation for the distance in miles that the 


lookout can see is d= 1.4V/A , Where /is the 


height in feet above the surface of the water. 
Round to the nearest hundredth. 








5) An object is dropped from a helicopter. Find the 
distance the object has fallen when the speed 
reaches 96 ft/s. The equation for the distance is 
v = 64d, where vis the speed of the object and 
dis the distance. 


6) An object is dropped from a television transmitter 
tower. Find the distance the object has fallen when 
the speed reaches 112 ft/s. The equation for the 
distance is v = ¥64d , where vis the speed of the 
object and dis the distance. 





7) A stone is dropped from a bridge and hits the 
water 2 seconds later. How high is the bridge? 
The equation for the distance an object falls in 7 


seconds is given by 7 = Ez where dis the 


distance in feet. 








9) Find the length of a pendulum that makes one 
swing in 4 seconds. The equation for the time of 
one swing of a pendulum is given by 7 = Qn == ; 
where 7is the time in seconds and Z is the length 
in feet. Use 3.14 for x. Round to the nearest 
hundredth. 





8) A stone is dropped into a mine shaft and hits the 
bottom 4 seconds later. How deep is the mine 
shaft? The equation for the distance an object falls 


in 7 seconds is given by 7 = fe where dis the 


distance in feet. 








10) Find the length of a pendulum that makes one 
swing in 2.4 seconds. The equation for the time 
of one swing of a pendulum is given by 


ee Dn = , where 7is the time in seconds and 


Lis the length in feet. Use 3.14 for x. Round to 
the nearest hundredth. 
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Solving by factoring 
Solve by factoring. 


Tyee x - 24 = 0 Zt ste 18. =0 3)ez - 67er 5 = 0 
AVY -7V4 6=0 5)X°+9x+8=0 6) v"- 10v+9=0 
7) x* - 10x + 25 =0 S) yao so = 0 9) 10y’ + 5y =0 
10) 8x? - 12x = 0 11) x? - 21 = 4x 12) t°-20=t 

13) 2x° +x = 10 14) 4x? + 12x = -9 15) 5r* = 124+ 11r 
16) 3x° =x +2 17) 5y*=11y-2 18) 16v*-8v+1=0 
19) 25y* - 10yv+1=0 20) x°-1=0 21) t?-25=0 

22) 16y’ -1=0 23) 4z° -25=0 24) x + 28 = x(x - 2) 
25) y + 12 = y(y-3) 26) x - 4x - 2 = 3x°-5x-3 

27) x° + 2x + 3 = (2x-1)(x+5) 28) x° + x- 1 = (2x+1)(x+2) 
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Solving by Taking Square Roots 
Solve by taking square roots. 


1) xX =4 2) = 16 3)v" - 81 =0 
2 7 2 2 
4) 2° -144=0 5) ox*- 25 =0 6) 16w*- 81 =0 
2 2 2 
7) 16w* = 25 8) 4x° = 81 9) 25v - 16 =0 
10) 36x" - 49 = 0 11) 4x°-9=0 12) 9x’ - 100 =0 
2 2 An ae) 
13) x°+9=0 14) y* + 100 =0 15) w-8=0 
2 2 a 
16) v’ - 18 =0 17) x -50 =0 is\Cenl = 9 
19) (y - 2)° = 36 20) 3(x + 5) = 27 21) 5(z - 2)* = 80 
22) 4(x - 1)" - 25 =0 23) 02) 100 0 24) 16(w + 3)° - 49 =0 
2 
25) 25(y - 1)° - 36 =0 26) (x - 3)? - 32 =0 27) (y + 4)°-75 =0 
28) (x - 1)°- 50 =0 29) (x + 1)- 80 =0 
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Solve by completing the square. 


1) x’ + 6x-7=0 


Aya pew 235 = 0 


7223-0 


10) w’ - 6w=1 


13) p° + 2p =3 


16) 2y’ - 5y-12=0 


19) 2r°+9r=5 


Baye -A7x-2 = 0 


25) 4v" -3v=1 


28) 6t* - 5t+1=0 


Solving by Completing the Square 


2) x° + 4x -21 =0 


5) x? = 6x-9 


8) y’ - 4y-7=0 


11) 27 = 42 +3 


14) °+3r=3 


Wp \ De 3 oe eae 


20V ee 2 


23) 3y° - 4y =4 


26) 32° -4z=-1 


29) 42° - 8z-5=0 


3)9e" 6x-27= 0 


6)z =6z+ 16 


9) x? + 8x =7 


12) y' = 8 - 16 


15) t” - 4t = -3 


18) 2x* - 5x = -3 


21) 3y -y=2 


24) 3t* -2t=5 


27) 3t = 2t+1 


30) 62° =z+2 
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Solving with the Quadratic Formula 


Solve by using the quadratic formula. 


2 
Dic ax-4-=.0 2)ivaes overs .0 3) 2° -3z-10=0 
4)V-6v+5=0 Sy) 7 ey o2 6 0 60 igo 
2 2 2 
7G =t-20=0 8)x -x-6=0 9)y =8y+9 
2 2 2 
10) w’ = 6w+ 16 11) r° =9-8r 12) Zz =10- 9% 
2 2 2 
Payee 2y-1=0 14) 2t?-t-10=0 15) x -6x+6=0 
2 2 2 
16) x’ -6x+2=0 17) p-- 4p =0 18) 3v’-v=0 
2 D La 
19) 9t?- 25 =0 20) 16s°- 9 = 0 Diya ey 14 
22) 2x*- 7x =4 23) aves 24) 2x° +x = 10 
25) 5x’ - 13x = 6 26) avee 27) 8 + 2x-3=0 
28) -t-3=0 29) x + 6x =4 30) t? +5t-1=0 
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Worksheet 1 Worksheet 2 Worksheet 3 Worksheet 4 
1 Teor s 1. 64x°y? 1. x 2.a 
2 Peo 2. 216x'y° 3. -c3 4,_1 
3. 3. -64x°y° 3. 4a’ r 
4. 40x° 4. 64x%y8 4, -3x5y19 zo extel 
5. 25y"" 5. 36a°b"” 5. -1152x" 23 oar 
6. -14a’ 6. 16x'%y6 6. -32x° , : 
Zia 7. 1000x? 7. 64a%b" ae Ee 
8. -24x"° 8. 81a° 8. 32x13? a 53 
9. -6b°c° 9. 8y°z 9. -512x"1y% b2 . 
“18m? 10. -64a°b° 10. 4min® 9.-— 10. ~ 
32x" 11. a°b° 11. 25b2! a y 
-28x°y° 12. -125x3y° 12. xy? b3 1 
48x'° 13. y leh ceye vat e 12. ae: 
14. 4a*b'® 14, -3x‘y5 oy 
yz 15. 9a° 15. -64a°b"! x2 2a4 
. -15x8y* 16, x25 16. 50x’y!5 13. 52 14, 3 
64x" 17.72! 17. 64x’y5 u : 
44x" 18. a° 18. 256a°b”? Pras eae 
60c” 19. m)>n” 19. -27x’y3! owe ee. 
4b"? 20. x’y’ 20. 16x” ; s 
abi 21. -p2!q2! 21. -2m""n 17. -2_ 18, 2. 
"y’ 22. -a*5p2 22. 128p’q’ gate 2b 
7a 23. v 23. -27x5* : £3 
14x" Dan bie 24 ce 19. 20. ~~ 
4a’b'c° 25-a Dc x 5b 
56m?n2 26. xyi6 yi2 
. -60a’b? 27, -a2 2 ee 
-48x°y" 28. -a?8c8 3y2 
“y° 29. xyz 22. -— 
-3y10 30. d° 22 
py? 31. 256x" 23. -a’b 
. 7, 
-6x5yz> ey lee 9 24: -c* 
2 : y 
34, xiy0 
35. -125a'5b 
36 -m>n'4 
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Worksheet 5 











OH Py oh) 
28. 8ab 








Worksheet 6 
ae 
9 8 
gal ge 
4 10 
a 
36 8 
7 rg ea 
64 243 
9, 19, + 
64 81 
die foes 
16 125 
13.2 «14. oe 
x y 
15. 16, + 
a> b> 
17.2 18. — 
d y 
2 
19.1 20. ee 
a 
21. = 22. oS 
ay x 
23. 24. = 
x3 a 
2 
25 ae 5 
al X 
2 
a7 X98, 4 
y? x 
29.y° 30.a° 
31.1 32.1 
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Worksheet 9 Worksheet 10 | Worksheet11 | Worksheet 12 
2 2 2 3 
1. -x~ + 2x 1. x" +x 1.x + 5x +4 1.x” -4x? + 5x +2 
Daye 4 y -5 2.12) -y Diver SiG 2: x? -4y? + 8X “i 
ee + x +3 Choe 2: a’ + 3a- 10 Bran Gao + 4a 4 
4.x? + 3x* -6x 4. -8y + y* 4.b°-b - 20 4, x Tx°+ Tx +15 
5.y> -3 5. 2a" - 22 Byo. Syol4 5. a> - 6a" pecs 3 
6. x2 x2 + 4x 6. 3b + 150 6. x + 5x - 36 6. 3x°-16x"- 7x + 4 
7.-9K-5 7, -2x3 + 22 7. y2- By + 12 7. -2b°+7b°+6b - 8 
a OX 1) cg, -4y? - 24y" 8.a°-15a+56 | 8.-2a'+5a°+6a - 9 
me AY 719, -6y"+ by” 9.a°-10a+16 | 9.-2x° + 15x’ 
mae * 10. -2x" + 3x 10. x° + &-33 hal abe 
mg oY vel $4, 10x" - ax 11. 2x. PSE ECr el dere eee 
ay 12 Gy- os DOroyiaeoy eh IM aae S 
ao 2 13. 8x? - 12x WG 3x. 9 | ey 
mC 14. 2y°-y Wa xe aOR ge ibs fase 
15. 3x -2x -8X-5 | 45, 2x? - 3x Dene Xe 217K 110) olluarit «a! ve 
16. 6x" - 3x Toro axe Solan ee 
3 pare: 2 + 7x-3 
be eX Vet Xay 17. 2y -7y-9 4 3 2 
Dey 3 2 16. 2y +y - 6y 
18.-2x%y + xy 18. 4y +y - 14 -10y + 15 
19.x°-2x°+x | 19, 9x7 +. 33x +28 | 47, sy3-14y? 
20% 8x 90, 2082 17a 22 aster 
21.-y’ + 4y’-3y | 21, 12a" - 56a +65 | 18. 9y-3y-11y+6 
22.7) + 5y HV! 22) 10a>- 53a 4 63 | 19, 3a? 46a Dac 
23 sea Gas ae 23. 15p- 4435-44 tW7ce 
24, -2b° - 3b° + 6b | 24, 12a° + 31a- 30 | 20. 4y° + by" - By 
4 3 2 2 2 +2 
25. 2% = 3Xann 2x 2551 tOxy + 2Y pees eee 
26,23) = 57 yan 26) 2a" Sab + 2b° fi a 3 ; 
27K Se GC 27h Oe = Sxy + ay" BE anf an 
28,82) 8), ady IB. 240 Sable Ob- Ber aie % 
29. -4y*-10y?+16y" | 29. Bien : Sb" a a 
; iF 
30. 12x"- 6x?+21x7 | 30. 2x? + xy - y’ eee os 
-y° + 
31. 20x"- 4x7- 36x” | 31. 9x? - Oxy - 10y° ae 
4 3 2 24. 3a - 8a + 
327 DY 1 SVs-30Y ailesas 30x" +17xy+2y" 7 
13a° - 9a +2 


33. ey <= xy" 4° xy? 
34, a°b-3a°b*-4ab" 
35. x°y-2x7y742xy" 
3 pa? 5 
36.a b+5a°b’-7ab 
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Worksheet 13 Worksheet 14 _| Worksheet 15 Worksheet 16 

1x1 4 0x7 - 3X Eas = ae 
a WSF 5 Oe Se 

Me 2. 3x" - ax -4 Sou Shae 

re) Bix el 4.3a-7 a7 
4.x° - 49 4, 4x? + 31x +21 | 5.2a-3 5.x-4 
5: 4x1 5.x + 6x +9 S. <i ae Be ’ ‘ : 
Sat 6. x! 16x + 64 8 Sy +3 8. y-2 

a 7.4x°+4x+1 | 9 3h2-2 9. 2x+3 
8. Ss + 10x + 25 8.9x°- 24x +16 | 10. 2y-1 10. 2y -7 
9. y i +6 9. n(x? + 8x + 16) | 11. x + 2x-4 hee 
10. oy" - 6y +1 10. x(x°- 6x +9) |12.a%-4a+5 ae 
te eee 1 11. n(xC+ 12x+ 36) | 13.0¢ - 2x-1 14. 2y-5 
12. x - 6x + 9 12. n(4x° + 4x+1)|14,a°-6a°-4a | 15» x- 1 
13. x° + 14x + 49 15. xy -3 16.x-3+ 28 
14, x* + 18x + 81 16. xy + 5 4 
15. x? - xy + y* 17. -2y° +5 17. xe 28 °. 
16. 4a° - 20a + 25 18, -4x° + 3 ms 
en TN 19. -y +4 Te. 25 2 
18. 9x? - 42x + 49 wet ie eel tore 2 
19. 9a2 - 25 21.-7x-4- a+5 
20. 36x° - 25 9S jo HES 20.b-3+ <7 
21. 4x° + 20x + 25 ; x 
22. 81x° - 36x + 4 23.6y+4-2 rane 0 
23. a? - 4ab + 4b* y ee 
24, x’ + axyt 4y? 24, -2x+5- oe eS : p 
ee ee 25. 4a-5 + 6b 
26. Bs - 36a : 26. 2xy - 1 - 3y 
27, X +LOxy +25y 27, 2a 37+ 5D 
28. 4 - 28y + 49y" an és y : gp 
29. 9 - 30y + 25" 30. b-4 + 3ab 
30. 9 - 25y* 
31. 16x" - 1 
32. 4a°+12ab+9b" 
33. x°+12xy +36y" 
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4(a + 1) 
6(c --1) 
4(2 - a’) 
3(3 + 7x’) 
3(x + 3) 
5(2a* + 3) 
8(3a - 1) 
12(2x + 1) 
3(3x - 2) 
8a(2a - 1) 
» 4y(3x - 4) 
. b* (6 - 5b) 
. 4x? (5x - 6) 
Miag( a3) 
. 6a°b“(4ab? - 3) 
. 2ab(2a* + 3b") 
. arb’ (1 + ab) 
‘ 5x“y(5y = OX) 
E px apy) . 
- 4a b(2a - 3b’) 
2a, 2 
rave (x—y ) 
: x(x? = 5x +7) 
2 
- y(y" - 6y - 8) 
? A(x? a) Gas) 
; 3(2y" - 3y + 4) 
: 3(x* - 3X + 6) 
. b*(b? - 3b + 7) 
» 4x°(1 -2x +3x°) 
. 4(3y*- 4y + 12) 
2 
mei. t2y- - 7) 
; 4x2(x24 3x - 7) 
. 1Sab(3a°b 
2 5 
= 5a +2b') 


CONAN D WHE 


16x’y?(2x?-6y? -3x*) 











+—— 
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1. (a + b)(x + 3) 
2. (x - y)(a + 5) 
3.1(b - 1)(x-~y) 
4. (c - d)(a + b) 
Seah) Viel) 
6. (y + 3)(a -1) 
7. (y - 2)(x- 1) 
8. (Y - 7)(3x -1) 
9. 0G 5)(2%-1) 
10. (x - 3)(5y + 1) 
11. (a - 2b)(x + y) 
12. (a + 1)(4a - 1) 
13. (x - 9)(a - 1) 
14. (a - 5)(b - 2) 
15. (x - 3y)(c + d) 
16. (a + 1)(3x + 4) 
17. (x -1)(a - 3) 
18. (a - 4)(x - y) 
19. (a - 3b)(x - y) 
20. (a - 9)(x + 1) 
24.(% 7 (a3) 
22. (X>56)(2.-1 ) 
2342 5) (di-e) 
24. (a - 4) (2x + y) 
25. (a - 9)(m + n) 
26. (n - 2)(3m + 1) 
27. (b -1)(2a - c) 
28. (a - 2)(x - 3y) 
29. (y - 5)(x -1) 
30. (a - b)(2 - c) 
Ske ipa! \iiieeZ) 
32. (c - 7)(x + y) 
33:(D= G)(aea 3) 
34. (x - y)(5 + z) 
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1. (y - 3)(2x + 3) 
2. (x + y)(x + 2) 
3. (a + 5)(x + 6) 
4.(2x + 1)(x - y) 
5. (2x+2y)(3x+1) 
= 2(x+ y)(3x+1) 
. (4a + 3)(a + b) 
. (a - 2)(x - 7) 

« (2x - 5)(x + y) 
» (a-2)(x +1) 
10. (y - 3)(3x + 1) 
11. (a - 2b)(3a - 1) 
12. (x - 3)(2a + 1) 
13. (x - 2)(2a - 3) 
14, (5a - 3x)(a - 3) 
15. (x - y)(y - 3) 
16. (7a - y)(a - b) 
17. (2x - y)(3x - 2) 
18. (4a - b)(a + 3) 


OON DA 


(a= 4x)(2a-+ 3) 
20. (x - 2)(3x - y) 
21. (2a +y)(4x - 1) 
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»(a-7)(a + 5) 
. (a - 3)(a- 1) 
(a + 5)(a - 2) 
sels )(aere) 
a(D=5)(bx 2) 

. (b + 5)(b'+ 3) 
» (b+8)(b-2) 

- (y - 6)(y + 5) 
-(y + 8)(y - 5) 
oily P11 )(y ='6) 
Al. (x - 10)(x + 6) 
12. (y - 2)(y - 5) 
13. (y - 6)(y - 3) 
14, (x - 6)(x - 6) 
15. (x - 12)(x + 8) 
16. (a + 7)(a - 4) 
L7. (x + 8)(x + 2) 
18. (b - 20)(b + 9) 
19. (x + 5)(x + 5) 
20. (x - 7) (x - 7) 
21. (b + 3)(b + 4) 
22. (b + 8)(b + 2) 
23. (X —12)(K4 So) 
24. (x - 12)(x + 5) 
25. (x + 14)(x - 4) 
26. (x - 16)(x + 8) 
2h (X= W107) 
28. (b - 14)(b - 6) 
297 (Du 9)(be4 12) 
30. (b - 12)(b - 15) 
31. (a + 7)(a + 9) 
32. (x - 15)(x - 4) 
33. (x - 21)(x - 4) 
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Worksheet 21a 


Lax 2) xX 
2.8 OxX Ho 
3. (2a + 1)(a + 3) 
4. (3x - 2)(x + 1) 
5. (20 71 )(De 6) 
6. (3a - 1)(a - 2) 
7. (3x - 1)(x = 4) 
8. (2x + 3)(2x - 1) 
9. (5a - 3)(a + 1) 
10. (5a - 2)(a + 3) 
11. (3y - 2)(2y + 3) 
12, (6x 5)0¢ +1) 
13. (5x 4:2)06-a1) 
14, (7x - 1)(x - 2) 
15. (7y + 1)(y + 1) 
16. (7x - 1)(2x - 1) 
17. (7y + 4)(y + 2) 
18. (3a - 1)(3a + 2) 
19. (4x + 1)(2x - 7) 
20. (3a + 4)(a - 3) 
21. (3x + 2)(x - 4) 
22. (3X 2) (2X 3) 
23. (4y - 5)(y + 5) 
24. (7x - 1)(x + 3) 
25. (5%) aa) 
26. (5x + 2)(242 3) 
27. (5x - 2)(3x + 4) 
28. (4x - 3)(2x - 5) 
29. (4x - 5)(3x + 2) 
30. (3x - 5)(3x + 1) 
31. (4x + 5)(2x - 3) 
32. (5x + 2)(2x - 5) 
33. (5x - 2)(3x - 4) 
34. (6y + 1)(2y - 3) 








Worksheet 22 





Se ee 
NE SSONAUAWNE 


2(x + 3)(x + 1) 
3(x + 4)(x + 1) 
3(a + 4)(a - 3) 
4(x - 3)(x + 1) 
a(b - 2)(b + 1) 
a(b + 7)(b - 2) 
x(y - 2)(y-5) 
x(y+7)(y+4) 
x(x - 6)(X - 2) 


. 2a(a - 4)(a - 1) 


3y(y - 5)(y - 1) 


smyiy tatty 2) 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


32. 
33. 


34. 


4(x + 8)(x - 1) 
23) e2) 
3(z - 8)(z +1) 
2(Z + 9)(z'+ 5) 
(a - 8b)(a + 6b) 
c(c +15)(c + 2) 
(x - 7y)(x - 2y) 
OPS) Oey: 
B(x SxS 2) 
2010) 0G+ 3) 
4(a + 8)(2a - 1) 
3(y - 5)(y - 3) 
By L(y 9) 
2x(x + 3)(x - 2) 
(y + 8x)(y - x) 
(a - 5b)(a - 7b) 
x(x + 8)(x - 5) 
10x(x+2)(x+4) 
2y(x -18)(x +1) 
Oc + 9)(x* - 7) 
Dae 5) (X20) 
a’(a + 9)(a - 8) 





| 


Worksheet 23 


helecile 

2. 2(4x-1)(x+3) 
3. 2(3y-7)(y-1) 

4. x(3x-2)(x-2) 

5. 5(3y+2)(y-1) 
6. 2b(a+6)(a-2) 
7. (14x = Y= 
6y) 

8. (3y +5z)(y + Z) 
9. (x - 6y)(x - 5y) 
10. x(2x + 1)(x - 4) 

11 (54 CX) 
12. (7-x)(3+x) 

13. (8 - x)(4 + x) 
14, (2y+1)(2y-3) 
15. 3(2y-1)(2y+3) 
16. (4x - 1)(3x - 4) 
17, OA x) x) 
50628 )OGe1) 
. 2(2y -3)(2y +1) 
ax(5x L6G 2) 
» (3x - 4)(x - 5) 

» 3(2y -3)(2y +1) 
«= 2( 2x -1)(2xe3) 
» 2067 5)(3x= 4) 
. (7a +b)(5a -3b) 
. 5a(2a -5)(a +1) 
. X(3x+1)(2x+5) 
« 2X(3xa1) 4) 
. 2(5b -3)(b+2) 

ez Lilet 222) 
. (5a -3b)(2a-5b) 
32. 2x(3Xr--1) 6 5) 
33. (19 - x)( 1 +x) 
34.13 = 3) + 4) 








—_— 


Worksheet 24 


1. (x + 4)0¢- 4) 
2X +05) (Cra) 
3. (x + 8)(x - 8) 
4. (3x + 1)(3x - 1) 
5. (4x + 5)(4x - 
G. (3X + 7)(3X- 
if (x? + 2)(x? - 
8. (x'+10)(x*-10) 
9. (6x + 1)(6x - 1) 
10. (9x + 1)(9x -1) 
11. (1+10x)(1-10x) 
12. (1 +9x)(1 -9x) 
13. (y°+11)(y*-11) 
14. (14+12x)(1-12x) 
15. Irreducible over 
the integers 
16. Irreducible over 
the integers 
sly Ani Bees yy(x - y?) 
18. (x*+ y’*) 
(x- y?)(x- y’) 
19, (1 + 5x)(1 - 5x) 
20. (1 +6x)(1 -6x) 
218 (2 3x) (23x) 
22. (4 + 7x)(4 - 7x) 
23. (b+12c)(b-12c) 
24. (a +7b)(a -7b) 
25. (xy+10)(xy -10) 
26. (x°+ 9)(x? - 9) 
27. (3x+4y)(3x-4y) 
28. (5x+12)(5x-12) 
29. (xy + 1)(xy - 1) 
30. (x + 20)(x - 20) 
31. (6a + 1)(6a - 1) 
32. (7X + 2)(7x - 2) 
33. (x° + 2)(x? - 2) 


i 





se 
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Worksheet 25 





1. (x+y)(x?-xy+x*) 
2. (x+2)(x?-2x+4) 
3. (x-y) 
(x'txyty’) 
4. (x-2)(x°+2x+4) 
5. (x-1)(x?+x+1) 
6. (a-1)(a°+a+1) 
7. (3a+1) 
(9a°-3a+1) 
8. (2x+1) 
(4X?-2x+1) 
9. (2x-y) 
(4x74+2xy-+y") 
10. (3a-b) 
(9a°+3ab+b*) 
11. (3a+2b) 
(9a*-6ab+4b*) 
12. (2x + 5y) 
(4x*-10xy-+25y*) 
13. (5a-3b) 
(25a°+15ab+9b2) 
14. (4x-3y) 
(16x7+12xy+9y") 
15. (x-y’) 
(x+xy*+y') 
16. (2a-5) 
(4a° + 10a+25) 
17. (2a° + b) 
(4a7-2ab+b") 
18. (4x°+1) 
(16x*-4x?41) 
19. (a-1) 
(a°-+a+1) 
(a°-+a°+1) 
20. (a+1) 
(a*-a+1) 
(a°-a°+1) 




























1. 3(x+2)(x-2) 
. 2(x-5)(x+5) 
aaX( Xa) : 
y(y -4)° 
: x?(x+3)(x-2) 
; a°(a-8)(a+5) 
. 3(b+3)(b+7) 
» (5a-3)(a+2) 
» Hy-1)(y-7) 
10. 2(a-11)(a+2) 
11. x(x-10)(x+2) 
12. b(b-6)(b+1) 
13. a°(a-14)(a+2) 
14. 5a(a-3)° 
15. 2(2x-1)(x-1) 
16. x7(2x-1)(x-5) 
17. x°(x+4)(x-4) 
18. (a°+9) 
(a+3)(a-3) 
19. 3(5x-1)(x-1) 
20. 3a(3a+1)(at+4) 
21. x(3y-4)(y+5) 
22. -3(x-4)(x+2) 
23. b*(a+8)(a-1) 
24. 4y(x+2)(x+1) 
25. 2(36-+a°) 
26. 18a(a-2)(a-1) 
27. y*(x+1)(x-1) 
28. 5(x+3y)(x-3y) 
29. x*(x+3)(x-3) 
30. (a°+1) 
(a+1)(a-1) 
31. 3(x-1)(a+b) 
32. (a+b) 
(y+2)(y-2) 
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Worksheet 26 “| Worksheet 27 


| Worksheet 28 


SO SOU 


. base: 24 ft.; 
height: 8 ft. 

. length: 24 in.; 
width: 6 in. 
CHOU a1 oats: 
width: 8 ft. 

ycalay 


= 
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p= 
= 


= 
NI 



























































































































































| Worksheet 29 Worksheet 30 Worksheet 31 Worksheet 32 
2b 
oe 2 ae 1 : a Oxy? ‘ 
3x 4y 25ax"y 20ab Lae 
a x 
ek 1 2s pShE mee 6 
(x +1) 20x E 2s 
4. (3x - 2) ae 3. = as 
3 s 2 3. 
-1 Gres) Sn ae 5(2x -1) X+3 
ie -3 
a 8(x + 3) 4. Se) 
Fea dee ogee ioe BASS Se 3 
By) eheans x+4 pic 5. ae 
Z 2 Xx Y=a3 X+ 
x 2x 6 6. 
9. o 10 sie. X+2 aaa 6 aay 
z + 7, Xté 7, X(x+1) sy-1 
11. a sip a x(x — 2) (x +2) 7, 2(2x+3) 
2 Cosh nhac! x +3 ie 
13. ae 14. ee y(x —5) : x(x +5) 8 8x -5 
. D Ss 
18-222 165 = ie vies aise 
x-6 X+3 oes 10. 3ay” 10. 3 
7.2 toe 11.1 - 2(2x +1) 
oo ae: x°(x + 8) es 11 
11.1 bean 3X49 
= ‘Saal | pp mith 
19 X-2 12. —— 13. 1 } 2n+9 
X+1 X+5 14 x-1 1 
70 13, X*—? pert te a 
x-1 eee 1s ae 
= 14s 14. 
21 = X42 ete: X+3 
=* 
15 X+7 16. a 15: tbe 
es Ao x-2 
22, =i + 3) er (x +4)(x +2) 1 
if eS 16. WA ; 1G¢e= 
53 3(x — 1) xa (x +3) x=2 
, eee) 17x 1 18. xX+5 17 1 
1 2x — 3 x2 y+5 
24) 18 ae 
2(x +1) ae ‘ 197 ise 
depp Cae 19 == 2 2x +3 
pee 2X%+3 20. 3y -2 19. 4 
26. 20, **3 3y -1 X—5 
x+5 2xX+3 X-2 
eae! 20. 
27 a5 X47 
x - 
28. 2(x +2) 
x+6 
29, 2X=/ 
Xx+3 
30. 2(x - 1) 
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Worksheet 33 4 Worksheet 34 Worksheet 35 | Worksheet 36 
20 es ale 1.55 
" 3x D aes ok, g} 2. 30 
oh 2 2x(x +3) 3. 3 3.25 
6a " (x +6)(x —6) 4.1 4. 16 
17 4 5. 12 
Mf 1 5. — 
18x — 5 6. 24 
2 7. 40 
75+y 3 6.4 
5 . 773 8.6 
15y 5. >(2x=1) 8.7 9. 17 
4x —5 3(2x — 5) oc 10. 28 
6x 6. 2 10. 2 ii. 11 
Tix 5 2 ‘a2 11. -4 12. 17 
74x x —9 6 1 13. 18 
7x —1 yes 2 ae 
36x ay. 13. 4 : 
8. 14.5 16. 27 
X+1-3xy +3y —ay/ 15 6 17. 34 
xy2 9 x-6 : 1 
2 RE 16. -4 and 2 18.422 
3x? —5x —9 wee 17. 2 and3 2 
oa 10. 18. -6 and 4 19. -1 
; a 3 AW, 22 
Bae isx412 | 44 7 ~* 19. Sand 2 qi) 
36x2 x +6 20. 1 and 12 247 
XF11 Ae x? =x41 oh, Sl 
* &-1)(x+2) x 23. -2 
b. 2) 
mee) a3. — gels 24, 21 
(y + 6)(y -3) Yea eel? 
2 pe. ab 
2(x* + 2x — 32) 14. X+3 5 
(x — 8)(x - 2) Xe 26. 2 
; 3(x? —7X+2) | 15. aan 27. eS 
(2x —1)(x —3) 
=) 28. 13 
=X 4 16. 
a 3(3x + 2) 8 
Pa 2)(x 22) 29. . 
JX +6 il 
" (x—4)(x4 2) aoa 
a 
x-3 
x2 5x —5 
t= 2)(x=1) 
at fee 


| 
























































Worksheet 37 Worksheet 38 Worksheet 38 _| Worksheet 39 
1. $217.36 1. yo =e = 2X ope i) 
2. $1500 Peay 2 27.m = aa 1. Lo) hours 
3. 216 sq ft Be iex Deg 2. 6 hours 
4. 16,000 voters _ 5 na 28. a 3. 15 minutes 
5. 90 clocks 7a 5 s eD 4. 24 minutes 
6. $96 ae 29. r = —— 5. 12 minutes 
7. 250 deer 1 Pt 6. 24 hours 
8. 50 shares 5.y =-=x+3 _ A-P 
Sh os Z 30. Ca The 20 hours 
. A 5 
10. 3 gallons 6.y = aoe | 8. 21 hours 
1 9. 8 hours 
V= ee 10. 31 hours 
2 
8. y =—x-6 
aac 
9.y =3x+9 
10.x =-4y+6 
11.x =5y+/7 
it 
12 Se 
5 
13. x = aie ta 
3 
3 
14. x= -=y+4 
5 
5 
£5; = ——_y +5 
5 
5 
16. x= —y +10 
3 
7 
17. X= =y +7 
5 M4 
4 
18.x=—y-l 
s M4 
2a 
19.b = — 
h 
20;\a = P= Db =ac 
21.1 = a 
t 
22. P = aM 
V 
23.W = P-2l 
p) 
24. C=Rt+S5 
25. r= aa 
— RK+T 
26. m = ‘ 
| B | = } 
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Worksheet 40 | Worksheet 41 









1. freight train: 1. $96 
35 mph; 2. $380 
express train: 3. 440 mi 
55 mph 4. 3150 mi 
2. commuter 5.5'= kx 
plane: Lote 
180 mph; ot The S$ 
jet plane: 7.V=kt 
380 mph k 
3. car: 50 mph; 8.m = a 
plane: 400 mph k 
4. single-engine 9.y= ary 
plane: nee 
e/Jomph; 10. V = kr 
jet plane: 11.k=9 
390 mph 12,k = 18 
5. 7 mph Wika 21 
6. 50 mph 14. k =50 
7. 27 mph 15. k = 500 
8. 30 mph 16.k =6 
9.2 mph 17, k= 36 
10. 40 mph 18. k=7 








Worksheet 42 
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my 
ww 


6/2 
2/3 
5/2 
2/5 
33 
2/2 
4/3 
. 3V5 


PNA PWN 








Worksheet 42a 


OS ae OU Ne 
eS 
N 





Basic Algebra II Worksheets - Answer Key - p. 11 








Worksheet 43 


Dl a Pe 





x? /x 
x4 Vx 
x? Yx 
xe Vx 


x? 





Worksheet 43a 


NNNNN N FRPP FSF F&F KF FP FE PF 
GaWNR SOSMONAUAYW NEO 


$0800 NE OS ete 


ex ye 10xy 
. 16a°byb 


24a2b Vb 
niaxy 42 
i0la405)" 
PHS eC: y)? 
Ev(x- 3) 

PAG ae Dy) 

oy are l®) 
~b-5 
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Worksheet 44 


a ee ee ee 
On COU BPW N FE OO 


WWWWNONDN NNN NNN DN FE 
WNFOUOAWON AUP WNReF CO WO 


19:10 SE ORI? a re 


re ana) 


Che 
9x2 
: 6aVab 


303 
11/2 
V6 
EG, 
~9/2 
~10/5 
10,/y 
~ 4x 


254K 
NEE) 
76 
e104 28. 
aN 3a 
m2 5yV2 
2 3a0 5a 
. ~7x,/2y 
= Byxy 
. 2/xy 
paksee) 
742 
»3V5 
an 

. 36,/y 

: Bye ce) 
EON 

. 24,/y 

. -10yV2 
. 4/2 
Tei5y5 


Sx 








Worksheet 45 


9) 5abews 
10. 6-3V2 


11. 4,2 
sip Se 


13. x +,/xy 

14. 6—/3x 

15. 2,/2y -4 

16. 2/3 -6 
1710S 5a 

18. x -8vx +16 
19. 9x -6yvx +y? 
20. 2a-410a 


24 Bx 2 ox 
D2: 


6x -19yvx +15y? 
23. 20x +./xy -y 


15x - 4,/xy —3y 
27. 


8x —26,/xy +15y 
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| Worksheet 46 
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| Worksheet 47 


j 

7i 

2iv5 
27 

. 5iV3 
| 


aa lvN} 

~ 8iv6 

. V5 

10. —14iV15 


OP ONANA WN 


| Worksheet 48 __| Worksheet 49 
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SOR? el Ol OTR ard are 


NN ONN © 
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1 
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. 29 
. No solution 


28. 2 
20m 
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8 
2 


. 8.16 feet 


9 feet 


melee 


196 feet 
64 feet 


. 256 feet 
. 12.98 feet 
. 4.67 feet 

















| Worksheet 50 
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ro) ul 
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Ole ple Ole 
N 


N 
° 
1 
dose 
e 






































Worksheet 51 Worksheet 52 al Worksheet 53 
1, 22 4,4. Ae -/, 1 2k -Zyed 1-1 4b eS rel 
Br-9,9 4.-12.12 | 3.-3,9 4. -7,5 Bree > Ane 

393 5.3 6. -2,8 Sys al nae, = 
373 La-37 1 7.-4,5 8.-2,3 
ee. Gi. 2411 ,2 vite $e ol, 9-102-2,8 
a Gh 4-6/23 3 OTe wae 
souls 127 -10'.1 
fe eee 10. 3+/10,3-10 fi 
A 4 phe eel 
ef oo Py 27247 3 
es 12. 4 5 
22 14; -2— 
4 4 13. -3, 1 ‘ D 
et ss 14. 15 Ges 

“ete! =3+V21 -3-V21 16347 3eA7 

oe 2 2 17. 0,4 
Tee: 15. 3,1 1 
= 18:0) = 
22 16. 4,-2 3 
10 10 5 5 
12,55 19. 
cia 17. v2) 1 253 

13. No real number 2 che 

solution 18. = 1 20: eee 

14. No real number 2 ; 7 

1 gh See 

solution 19. -5, al 3 

15. — 22,22 2 ee 

16. 53923,0 20. 7 2 13. 

17. =5,/2 5v2 2 Dan) 4 

18. -4, 2 21. oe 3 

me ae 1 7h 

20. -2, -8 22. -2, 2 2 

21. 6, -2 ; 25, 2,3 

Baal 23, 2S 5 

a) 3 2 

26. -1, = 
16 4 24. -1, 2 3 
23. -—,= B 
ae cpa 
1 by ha ON eke 
Py eed chatter a) 
4° 4 ‘ 28. 
a5. _1 il oo 1+/13 1+ 4/13 
Sy 1 Oy So 2 

26.4 2 oe 42) ees —371 29. 

27. od 3513-3 4/13 

-4+5y3,-4-5/3 | 28 5, 5 30. 

28. 1-5V2,1+5v2 rr gee SA 0 = 5 Seo 

29. Bs Roab fee 62 

or {ataal ey & ran cee 

2a 
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Table of Measurement Abbreviations 





U.S. Customary System 


Length Capacity Weight Area Rate 
in. inches 0z ounces oz ounces in? square inches ft/s feet per second 
ft feet c cups Ib pounds ft? square feet mph miles per hour 
yd yards qt quarts yd? square yards 
mi miles gal gallons mi? square miles 
Metric System 
Length Capacity Weight Area Rate 
mm _ millimeters ml milliliters mg milligrams cm? square centimeters m/s meters per second 
cm centimeters cl centiliters cg  centigrams m? square meters km/s kilometers per second 
m meters eeeiters g grams km? square kilometers km/h_ kilometers per hour 
km _ kilometers kl __ kiloliters kg kilograms 
Time 
h hours min minutes s seconds 


Table of Equations and Geometric Formulas 





Perimeter 

Triangle: P=a+b+c 
Rectangle: P = 2L + 2W 
Square: P = 4s 

Circle: C = wd or C = 2mr 


Volume 
Rectangular solid: V = LWH 
Cube: V = s? 


3 


4 
Sphere: V = Bar 
Right circular cylinder: V = ar*h 


1 
Right circular cone: V = 5 arn 


i 2 
Regular pyramid: V = gah 


Triangles 
LAW ZB + ZC = 180° 


Slope-Intercept Form of a Straight Line 


y = mx + b, where m = slope and b = y-intercept 





Area 

1 
Triangle: A = 5 oh 
Rectangle: A = LW 
Square: A = s? 
Circle: A = ar? 


Parallelogram: A = bh 


Trapezoid: A = Shib; + b2) 


Surface Area 

Rectangular solid: S = 2LW + 2LH + 2WH 
Cube: S = 6s? 

Sphere: S = 4mr? 

Right circular cylinder: S = 2mr? + 2arh 
Right circular cone: S = mr? + rl 


Regular pyramid: S = s* + 2s/ 


Pythagorean Theorem 


C= a Eh 


Point-Slope Formula 


yy =m = x1) 


Quadratic Formula 


“b= Vb? — ace 
QS eee 
2a 


Copyright © Houghton Mifflin Company. All rights reserved. 


Table of Properties 





Properties of Real Numbers 


Commutative Property of Addition 


If a and b are real numbers, thena +b=b +a. 


Associative Property of Addition 
If a, b, and c are real numbers, then 
(a+b)+c=at+(b+Cc). 

Addition Property of Zero 


Ifa is a real number, thena + 0=0+a4 =a. 


Inverse Property of Addition 
If a is a real number, then 

a + (—a) = (-a) +a=0. 
Multiplication Property of One 


If a is areal number, thena:1=1:a=a. 


Commutative Property of Multiplication 


If a and b are real numbers, thena:-b=b-a. 


Associative Property of Multiplication 
If a, b, and c are real numbers, then 
(a:b):c=a-(b-c),. 

Multiplication Property of Zero 


If a is a real number, thena:0=0-a=0. 


Inverse Property of Multiplication 


If a is a real number and a # O, then 


1 1 
7 el 
CG 


Distributive Property 


If a, b, andc are real numbers, then 
a(b + c) =ab + ac. 


Properties of Exponents 


If m and n are integers, then 


m n m+n 


Ke RX 


If m and n are integers, then 


(ee = og Bh, 


If x is a real number and x # O, then 


If m2 and n are integers and x # 0, then 
in 
ered 


mn 


If m, n, and p are integers, then 
(Ge ‘ ay \E = x MPa BP 


If 1 is a positive integer and x # 0, then 


Properties of Equations 


Addition Property of Equations 
Ifa=b,thena+c=b+t+c. 


Multiplication Property of Equations 
Ifa=bandc# 0, thena:c=)-c. 


Properties of Inequalities 


Addition Property of Inequalities 


Ifa>b,thena+c>bte. 
Ifa<b,thena+c<b+te. 


Multiplication Property of Inequalities 


Ifa >bandc > 0, thenac > be. 
Ifa <bandc > 0, thenac < be. 
Ifa >bandc <0, thenac < be. 
Ifa <bandc <0, thenac > be. 


Properties of Radical Expressions 


If a and b are positive real numbers, then 


Wab = Va- Wb and \t-¥ 





A radical expression is in simplest form when: 
¢ the radicand has no perfect-square factors 


¢ no radicals appear in the denominator 
¢ no fractions appear in the radicand 
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